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Tuberculosis is one of the oldest and most wide spread life-threatening 
infectious diseases of mankind. It is characterized by fever, weight loss, 
raised level of acute phase reactants and necrosis in lesions. 


It has been estimated that every third person on this earth is infected with M. 
tuberculosis, infecting nearly 1 .6 billion people of which 20 million have active 
disease, with eight million new cases and approximately 2-3 million deaths 
annually world wide (WHO report, 2004/ India alone has nearly one third of 
the total global burden of tuberculosis, and the disease is one of the India’s 
most important public health problems. Every day in India more than 20,000 
people become infected with the tubercle bacillus, more than 5,000 develop 
the disease, and more than 1 ,000 die from Tuberculosis. 



In India, tuberculosis kills 14 times more people than all the other tropical 
diseases combined, 21 times more than malaria, and 400 times more than 
leprosy. Every year, another 2 million people develop tuberculosis; nearly one 
million of them are highly infectious, sputum positive. Two such cases 
develop every minute. Further, in recent years there has been an upsurge in 
the incidence of the disease mainly due to the emergence of multidrug 
resistant strains of M tuberculosis (MDRTB) and its association with the HIV 
infection leading to spread of disease in immuno-compromised and AIDS 
positive individuals. Globally, there are about 4.6 million cases dually infected 
with HIV and tuberculosis (WHO report, 2002; 2004/ Tuberculosis thus, has 
become a major concern worldwide. If specific control measures are not taken 
with increased commitment and action at national and International levels, 
tuberculosis will claim about 35 million more lives in the next decade and 



there will be about 1 50 million new cases of active tuberculosis. Such a vast 
epidemic creates challenges as it raises the demand for public health 
solutions. A delayed or missed diagnosis of tuberculosis is also one of the 
leading causes, which contribute to M tuberculosis transmission. 

Currently, more than 15 anti-Mycobacterium drugs are available for 
tuberculosis patients and are indispensable to prevent the progression of the 
disease especially those caused by MDR strains of M. tuberculosis. Thus, 
there is an urgent need to develop strategies to effectively tackle the threat of 
Mycobacterium to the mankind. 



Since, the identification of Mycobacterium by Koch in 1882 as the causative 
agent of the disease, efforts have been made to develop suitable prophylactic 
and chemotherapeutic agent(s) for the treatment of disease. In the past, 
several killed and live vaccines were developed to protect against the 
disease. However, the only vaccine that is still in use is derived from the 
bovine strain of Mycobacterium i. e. M. bovis. This strain was attenuated for 
over thirteen years and was termed as Bacilli Calmette Gurein (BCG) vaccine 
(Calmette, 1927). Since then BCG vaccine has been successfully used for 
prophylaxis against tuberculosis. It remains to be the most wildly and most 
controversial of all vaccines used today. The protective efficacy of BCG 
vaccine has been highly variable ranges from 0-80% (Fine, 1989; Baily, 
1990). Moreover, it has been observed that BCG vaccine is least effective in 
controlling the disease in the regiorrs/areas where the frequency of the 
disease is maximum (Stanford, 1991). In addition, the BCG has been shown 
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to produce disseminated infection in the immunocompromised host such as 
AIDS patients, sometime even after thirty years of vaccination (Orme et al. 
1993). Therefore, there is an urgent need to identify the protective component 
of Mycobacteria for the development of safe, stable and more effective 
vaccine against tuberculosis. 

It is evident from several studies that resistance against tuberculosis is 
mediated by cellular arm of the immune system (Leveton et al., 1989; Orme et 
al., 1993; Turner et al., 2000; Kanaujia et al., 2004). Hence, the antigen for 
vaccine development should be selected on its ability to induce the cell 
mediated immune response. In the past, attempts have been made to 
investigate the immunogenic potential of different components of 
Mycobacterium. Several components viz. Mycobacterial cell wall, rRNA and 
mannosides have been evaluated for their immunoprotective potential (Mehta, 
1996; Bouquet and Negre, 1923; Youmans and Youmans, 1966a; Pancholi et 
a/., 1989; Singh and Khuller, 1993; Hetzel et al. 1998; Oliver et al., 2000; 
Gennaro, 2000; Leander et al., 2005; Kwasi et al., 2005). 

Secretory proteins of M. tuberculosis appear as culture filtrate proteins (CFPs) 
in the culture medium in which M. tuberculosis \s grown. Mechanism of 
secretion of CFPs is not clearly known. There are approximately 200 proteins 
found in culture filtrate of M. tuberculosis (Anderson, 1994; Berthet et al., 
1998; Kamath et al., 1999; Sonnenberg and Belisle, 1997; Karin ef al. 1998; 
Kanaujia et al., 2004; Spencer et al., 2004; Young et al., 2004; Sable et al., 


2005). Some of these proteins are associated with cells, therefore, the 
definition of CFP is an operational one. 

Many research groups actively studied CFPs. Since many CFPs are 
recognized by the sera of TB patients, it has also been postulated that live 
attenuated M. tuberculosis vaccines are better than those made from heat- 
killed cells because during growth in the host, M. tuberculosis releases CFPs 
that stimulate host immune mechanisms (Andersen, 1 994). 

Many of the proteins found in the culture filtrate viz. SodA, KatG, and GInA 
(glutamine synthase), do not have leader sequences that are usually involved 
in protein secretion, but the fact that they were released from cells early in 
growth suggested that this localization was physiological and not dependent 
on cell lysis (Daffe and Draper, 1 998. Braunstein and Belisle, 2000; Brennan 
and Nikaido, 1995; Sonnenberg and Belisle, 1997; Tullius et ai, 2001;Smith 
Issar, 2003; Pym et al., 2001). However, experiments suggest that proteins 
highly expressed in M. tuberculosis are GInA and SodA (Piddington ef aL, 
2001; Dussurget, 2001;Harth and Horwitz, 2003). They are very stable and 
found in culture filtrates in early period of incubation, while less abundant 
intracellular proteins or those that are unstable are not found extracellularly 
(Molle et al., 2000). These results strongly suggest that the presence of many 
proteins in culture filtrates, especially those with missing leader sequences, is 
caused by bacterial leakage or lysis. 


The M. Tb secreted active proteins, which are missing in non-tuberculous 
Mycobacteria have proved as a promising not only for diagnostic marker, 
vaccine candidate but also in understanding the Mycobacterial evasion of 
protective immunity in susceptible individuals. Many such proteins identified 
and characterized from the M. TB complex include 38 KDa, 30/31 KDa, 40 
KDa, 42 KDa, SOD, 30 KDaMSP, 85B, ESAT-6, and CFP10 (Sonnenberg 
and Belisle 1997; Manca et al., 1997; Karin et al., 1998; Gennaro 2000; Silva 
et a!., 2003; Young et al., 2004; Lanbo et al., 2004; Ayman et al., 2005 
However, little information is known regarding the possible role of low 
molecular mass M. TB secretory proteins in immunity against tuberculosis, 
with emphasis on their immuno-modulatory action and the potential 
involvement in Mycobacterial subversion of the host immune defense. 

Another important area of significant concern is the diagnosis of the disease. 
Although several studies have been conducted and many are still in progress 
for diagnosis of disease during the early stage of infection, which can 
distinguish M. tuberculosis infection from other atypical Mycobacteria is a 
challenging task worldwide. 

The current methods used in clinical laboratories depend on microscopy and 
culture that usually takes 6-8 weeks to report negative / positive results. The 
isolation of organism from CSF has been disappointingly infrequent (DIngley 
1979), time consuming, and lacks sensitivity (Annamma etal., 1990; Clarridge 
ef a/., 1993;Kadival etai, 1987). These methods have several limitations both 
in terms of its sensitivity and specificity (Garg et ai., 2003). Thus the bottom 
line in the effective treatment still remains i. e. the early diagnosis of the 


disease that could help in taking remedial measures far more early than is 
done at the moment. Another most commonly used procedure for diagnosis is 
‘Montoux test’ which doesn’t make a conclusive evidence of active disease, 
while negative tests do not exclude it. 


Several attempts have been made in the past to develop newer tools for the 
timely, accurate and specific diagnosis in the early stages of disease by 
developing the tests based on immunological and molecular methods to 
reduce the time of diagnosis, increased sensitivity and specificity. Although 
rapid culture techniques such as Radiometric liquid (BACTEC), biphasic (MB 
chek) culture system and Alamar blue assays have improved both the 
recovery rates and speed of isolation, but these systems still can not influence 
beside decision making (Garg et al., 2003; www.nejm.org on March 27, 2006; 

^ Dingley, 1979; Annamma et al., 1990, Clarridge et a/., 1993, Kadival et al., 

1987). 

I The introduction of fibreoptic bronchoscope has rendered lung biopsy as well 

as bronchial lavage and brushing a simple and safe procedure but 
unfortunately the equipments are not universally available (Zavala, 1975; MIro 
ef a/., 1997; Alan ef a/., 2002;Griffith ef a/., 2004). 

f Recently, several tests have been developed employing the r-DNA technology 

, ... ■ . 

^ to develop the kits based on polymerase chain reaction (PCR) in diagnosis of 

tuberculosis. A number of investigators have reported the detection of specific 
sequence for M. tuberculosis directly in clinical specimen by PCR (Miller et al., 
1994; Bisen et al., 2003^, This technique is quite sensitive and by making 


proper selection of gene sequences, it is possible to accurately establish the 
diagnosis M. tuberculosis complex in the clinical samples. But despite its 
sensitivity and specificity, this method is highly expensive e.g. one Amplicon 
PCR test costs- $15 (Bennedsen etal., 1996^. Hence, the application of PCR 
based diagnosis is the best but also very costly. Moreover, the amplification of 
dead bacterial DMA and absence of amplifiable M. tuberculosis DMA from 
blood pose a serious problem in the diagnosis (Mullis and Faloona, 1987; 
Mileler et a!., 1 994; Garg et al., 2003; Bisen et a!., 2003). 

Several serodignostic tests have been developed for the diagnosis of disease 
(Grange and Laszio, 1990;Gennaro, 2000; Nair et a!., 1992;Garg et al., 2003; 
Esther et al., 2004;Young et al., 2004;Tiwari et al., 2005). Many workers have 
attempted to isolate the species specific antigen for use in diagnostic tests 
(Manca etal., 1 997b;Kadiwal etal., 1994; John etal., 1998;Griffin ef a/., 1991; 
Daleine, 1995;Sudha et al., 2000; Esther etal., 2004;Tiwari et al., 2005), but 
this task has proved very difficult, because of two reasons: firstly, specific 
antigenic determinants often occur on the same protein molecule as shared 
antigen, therefore making it very difficult to purify them by sensitive 
techniques viz. affinity chromatography etc. Secondly, an antigenic 
determinant, many a times may be shared among different species of genera 
Mycobacterium that make the correct diagnosis of M. tuberculosis difficult. 
Also the given determinant may be present on a range of molecules of 
differing physiochemical properties. Thus preparative techniques based on 
such difference (gel-filtration & ion exchange chromatography) have not 
proved very useful (Grange 1988 a and bj. 


The rapid diagnostic test for the detection of antigen(s) in patients with 
tuberculosis may be the best choice for diagnosis of tuberculosis, as false 
positive results have been observed in antibody based diagnostic tests due to 
exposure of environmental Non-tuberculous Mycobacteria (NTM) or prior 
BCG vaccination (Fine 1995). 

Thus the ultimate goal of biomedical research in TB around the world should 
be to lessen the public health burden of this disease by developing improved, 
specific and cost effective prophylactic diagnostic tools (Eunice et al. 2003) to 
combat the menace of the disease. 

The present study was undertaken with the aim to identify the major 
immunoprotective and immunodiagnostic antigens of M. tuberculosis for the 
development of effective vaccine and / or diagnostic tool. The secretory 
protein (s) antigens of M. tuberculosis were identified in order to develop a 
rapid, cost effective, sensitive and specific test for the detection of M. 
tuberculosis antigens and / or antibodies (IgG, IgM, IgA) in patients suffering 
from active tuberculosis infection. The choice of specimens included the CSF 
for Tuberculosis Meningitis, serum for pulmonary and other extra pulmonary 
tuberculosis and processed tissue biopsy for extra-pulmonary tuberculosis. 






2.0 General Introduction 

Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium 
tuberculosis. It is one of the oldest human afflictions which has plagued 
mankind throughout recorded and archeological history leading to infectious 
killer of youth, children and adults and second most common infectious 
disease worldwide (WHO report 1995), despite the global use of live 
attenuated vaccine and several antibiotics. It has been estimated that there 
are nearly 1.7 billion individuals infected with Mycobacterium tuberculosis 
throughout the world, approximately 20 million of these are active cases and 
three million die each and every year leading to eight million new cases 
annually and three million of these are infectious (WHO report 2002). In India, 
out of the 950 million inhabitants, 300 million are infected with M. tuberculosis, 
12 million have active tuberculosis, three million are infectious and half a 
million die each year (WHO 2002, and 2004). 

One third of world’s population is currently infected (Kochi et ai, 1994; WHO 
report, 2003) with M. tuberculosis in which 20 million of these are infected with 
active cases. However these can further infect 50-100 million people (Largely 
children) annually. 

The mortality due to disease is approximately 3 million annually; at least 80% 
of those are in tiie developing countries (Smith Issar, 2003). Thus, 
tuberculosis is still a major cause of disease and mortality whose elimination 
will be impossible as long as poverty, overpopulation and malnutrition is 
concerned (Smith, 2003). TB is now becoming the leading cause of death 
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among HIV positive people where it kills much more rapidly with a fatality of 
80% population. 

The epidemic of HIV infection has radically changed the epidemiology of 
tuberculosis. Because of its ability to destroy the immune system, HIV has 
emerged as the most significant risk factor for progression of dormant TB 
infection to clinical disease (Selwyn et al., 1989). 

2.1 ORIGIN: 

The origin of Mycobacterium tuberculosis, the causative agent of TB, has 
been subject of much recent investigations and it is thought that the bacteria 
in the genus Mycobacterium, like other actinomycetes, were initially found In 
soil and that some species evolved to live in mammals. The domestication of 
cattle, thought to have occurred between 1 0,000 and 25,000 years ago, would 
have allowed the passage of a Mycobacterial pathogen from domesticated 
livestock to humans and in this adaptation to a new host. The bacterium 
would have evolved to the closely related M. tuberculosis. Specifically, it has 
been hypothesized that M. bovis, which causes a TB-like disease in cattle 
was the hypothetically evolutionary precursor of M. tuberculosis (Stead, 
1997). This hypothesis is now considered doubtful in the light of new data, 
since it was formulated before the genome in the M. tuberculosis complex 
including the human and animal pathogens M. africanum, M. microti and M. 
Canetti as well as M. tuberculosis and M. bovis, were characterized by DNA 
sequencing and related methods. These studies have shown greater than 
99.9% similarity of DNA sequencing among the members of the M. 
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tuberculosis complex (Brosch et al., 2002). But the existence of rare 
synonymous single nucleotide polymorphisms (sSNP) allows discrimination 
between these closely related bacteria. sSNP analyses suggest that M. bovis 
evolved at the same time as M. tuberculosis (Sreevatsan et al., 1997) and a 
study of the distribution of deletion and insertions in the genomes of the M. 
tuberculosis complex provides strong evidence for the independent evolution 
of both M. tuberculosis and M. bov/s from another precursor species, possibly 
related to M. caneff/ (Brosch etal., 2002). 

It is thought that the progenitor of the M. tuberculosis complex, comprising M. 
tuberculosis, M. bovis BCG, M. africanum and M. microti arose from a soil 
bacterium and that the human bacillus may have been derived from the 
bovine from following the domestication of cattle. The complex lacks inter 
strain genetic diversity and nucleotide changes are very rare. 

This is important in terms of immunity and vaccine development as most of 
the proteins will be identical in all strains and therefore antigenic drift will be 
restricted. On the basis of the systematic sequence analysis of 26 loci in a 
large number of independent isolates, it was concluded that the genome of M, 
tuberculosis is either unusually inert or that the organism is relatively young in 
evolutionary terms. 

2.2 Establishment of Afycobacfer/a/ infections 

Since 1882, Robert Koch idenWtled Mycobacterium tuberculosis as the 
causative agent of TB, M. tuberculosis can be best described as an obligate 


aerobe, generally characterized by a long replication time and a cell wall 
containing abundant lipids and waxes that provide hydrophobic characters, 
acid fast properties and intracellular survival (Gebbardt et al., 1996). There 
are five closely related Mycobateria grouped in the M. tuberculosis complex: 
M. tuberculosis, M. bovis, M. africanum, M. microti, and M. canetti (Van 
Soolingen et al., 1997; Van Soolingen et ai., 1998). Members of the M. 
tuberculosis complex can all cause the disease in humans, although M. 
tuberculosis is the most prevalent. The natural reservoir of M. tuberculosis 
and M. africanum is limited to humans and that of M. microti is mainly limited 
to small rodents (Kremer etal., 1998). In contrast, M. bovis can cause disease 
in a wide range of wild and domestic animals as well as in humans (Brosch et 
al., 2002; Morris et al., 1 994). 

Transmission of TB in man usually occurs via air borne microscopic droplet 
nuclei (1-5 pm diameter) containing M. tuberculosis. The infectious droplet 
nuclei are inhaled and lodge in the pulmonary alveoli (Loudon and Roberts, 
1967; Riley etal., 1995), where, then the bacilli are phagocytosed by alveolar 
macrophages and remain in the phagosome of these cells (Armstrong and 
Hart, 1975). Following phagocytosis, M. tuberculosis replicates slowly but 
continuously, and is spread to the neighboring lung tissue and through 
lymphatic vessels to draining hilar lymph nodes (Frieden et ai., 2003). 

It is not fully understood how M. tuberculosis can survive and replicate 
intracellularly in macrophages, which are cells that have the microbicidal 
armory to destroy most pathogens. However, M. tuberculosis seems io have 
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evolved mechanisms to survive most of the macrophage-effector functions. 
Some of these mechanisms involve the inhibition of the phagosome-lysosome 
fusion, where the bacilli have been found to retain a macrophage protein, 
called tryptophane aspartate-containing coat protein (TACO), on the surface 
of the phagosome, preventing their delivery to the iysosome (Fratazzi et aL, 
1999), and to use complement receptors 1 and 3 for cell entry, which do not 
trigger oxidative burst (Schlesinger et aL, 1990; Wright and Siiverstein, 1983). 
Other mechanisms of survival include degradation of reactive oxygen 
intermediates by catalase and superoxide dismutase produced by the bacilli, 
inhibition of apoptosis in infected macrophages (Fratazzi et a!., 1999), and 
down-regulation of some modulators of the host immunity such as interleukin 
12 (IL-12) (Hickman et ai, 2002; Nau et aL, 2002), major histocompatibility 
complex (MHC) class li (Noss etaL, 2000), and interferon y (IFN-y), known to 
mediate activation of macrophages (Ting etaL, 1999). 

After M. tuberculosis has entered the lungs, one of the four potential fates 
might occur (Schluger and Rom, 1998): 

1) The initial host response can be completely effective in the killing and 
elimination of the bacilli, such that these individuals have no chance to 
develop TB. 

2) The bacilli can grow and multiply immediately after infection, causing 
clinical disease (primary TB). 

3) The bacilli may become dormant and never cause disease at all, resulting 
in a latent infection that is manifested only as positive tuberculin skin test 
results; 
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Figure 1 : Different outcome of M. tuberculosis infection and underlying immune 
mechanisms. M. tuberculosis enters the host within inhaled droplets. 
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4) The dormant bacilli can eventually begin to grow, due to factors like 

Immunosuppression, with resultant clinical disease (reactivation TB). 

2.3 History: 

First credible understanding that tuberculosis might be due to infectious 
microorganisms was made in 1722 by Benjamin Martin of London, who 
proposed that the cause of tuberculosis was “animalcule or their seed 
inimicable to our Nature” that can be transmitted by “a Breath (a consumptive) 
emitted from his lungs that may be caught by a sound person” (Doetesch 
1978; Castiglioni 1933). The tuberculosis appears to be as old as humanity 
itself. TB can be present in various forms, including one that attacks bone and 
causes skeletal deformities. Hard tissues like bone can be preserved for 
thousands of years, allowing almost certain identification of individuals with 
bone TB, who died more than 4000 years ago. Skeletal remains of prehistoric 
humans dating back to 8000BC, found in Germany have shown clear 
evidence of the disease. 

More than a century after Laenmec’s birth, Villemin performed experiments on 
rabbits, injecting infectious sputum and caseous material into healthy animals 
to produce disease. The studies conducted in 1868 and cited by major (1945), 
provided first convincing evidence of the infectious nature of tuberculosis. 
Gradually, the infectious nature of tuberculosis became more widely 
recognized. As early as 1699, Italy and later Spain enacted restrictive 
quarantine laws, while in Northern Europe; tuberculosis was not widely 
viewed as a public health problem. 


The frequency of unearthed skeletons with apparent tuberculosis deformities 
in ancient Egypt suggests that the disease was common among that 
population. The discovery of similarly deformed bones in various Neolithic 
sites in Italy, Denmark and countries in the Middle East also indicates that TB 
was found throughout the world up to 4,000 years ago. (Smith, 2003). Ancient 
Hindu and Chinese writing have documented the presence of this disease. 

The under developed world including India is still suffering with high TB 
morbidity and mortality rates as shown by the following statistics. The 
incidence of TB ranges from less than 10 per 100,000 in North America to 100 
to 300 per 100,000 in Asia and Western Russia to over 300 per 100,000 in 
Southern and Central Africa. There is one death from TB every 15 sec (Over 
two million per year) and eight million people develop TB every year. Without 
treatment, up to 60 percent of people with the disease will die (Kaye and 
Frieden, 1996). 

Essentially all these cases are in the Third World (World Health Organization. 
2002), reflecting the poverty and the lack of healthy living conditions and 
adequate medical care (Waaler, 2002). This global crisis is compounded by 
the emergence of multidrug resistance in countries like the former Soviet 
Union, South Africa, and India, where some antibiotics are available but are of 
inferior quality or are not used for a sufficient time to control the disease 
according to recommended regimens (iseman, 1994: O’Brien, 2001). 



Unlike many infectious diseases the epidemic wave of TB measures and 
Centuries-long epidemiological information though incomplete, reflects the 
incidence and prevalence of disease over a period of two to three centuries. 
The wave from of the tuberculosis epidemic occurs by natural selection of 
susceptible persons and runs its course in about 300 years. (William and Dutt. 
2002 ). 

In England, the presence of epidemic wave began in the 16'’’ century and 
probably reached its peak about 1780 as a result of the Industrial revolution 
and the growth of cities, which allowed the spread of disease from person to 
person. The epidemic then rapidly spread from England to other large-cities in 
Western Europe, reaching a peak in the early 1800s. In Eastern Europe the 
peaks came about 1870 and 1888 and by 1900 North American and South 
American epidemic waves had peaked. In the developing countries of Asia 
and Africa, the wave has not peaked yet. Thus, as a global phenomenon, the 
epidemic is declining in one geographic area while still rising or just reaching 
its peak in another. 

Industrialization and overcrowding of cities can produce an epidemic of 
tuberculosis by bringing together large numbers of susceptible people and 
promoting transmission of Mycobacfer/um fi/bercu/os/s to new hosts. 

TB morbidity and mortality rates due to TB steadily dropped during the 20*^ 
century in the developed world, aided by better public health practices and 
widespread use of the M. bovis BCG vaccine as well as the development of 
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antibiotics in the 1950s. This downward trend ended and the number of new 
cases started increasing in the mid-1980s. The major causes of this were 
increased homelessness and poverty in the developed world and the 
emergence of AIDS, with its destruction of the cell-mediated immune 
response in co-infected persons. Only by massive expenditures of funds and 
human resources mainly by directly monitored antibiotic delivery 
“miniepidemic" of new TB cases has been reversed in Europe and the United 
States (Frieden efa/., 1995). 

Thus, TB is caused by bacterial, but environmental factors play a major role, 
an idea that Rene Dubos clearly rearticulated 50 years ago (Dubos and 
Dubos, 1952). To Dubos, purely medical solutions alone would not work to 
cure and prevent TB. Unfortunately, the events of the last half of the 20*^ 
century have shown how prescient he was. The antibiotic era, begun by the 
discovery of streptomycin by Schatz and Waksman in the 1940s and its use to 
treat TB and followed by the introduction of many other antibiotics like 
isoniazid, rifampin, and pyrazinamide that are useful against TB, has not 
eliminated the disease (Ryan, 1992). Likewise, the widespread use of BCG, 
an attenuated vaccine strain produced by the sequential passage of a virulent 
M. bows strain by Calmette and Guerin In Paris in the 1920s, has not lowered 
the incidence of TB in recent years (Andersen, 2002) and there is more TB 
today than ever before (Waaler, 2002). 

2.3.1 NON TUBERCULOUS MYCOBACTERIA 

More than 25 Mycobacterial species other than M. tuberculosis can be found 
in specimens from humans. Some of these species may have quite a high 


likehood of being human pathogens. They include rapidly growing M. 
fortuitum and M. chelonae and slowly growing M. kansasii, M. avium, M. 
intracelluiar, M. scrofulaceum, M. xenopi, M. malmoense, M. simiae, M. 
szuigdi, M. marinum, M. haemophilum and M. ulcerans. 


2.4 FEATURES OF MYCOBACTERIUM TUBERCULOSIS 

A characteristic feature of the M. tuberculosis includes its slow growth, 
dormancy, complex cell envelope, intracellular pathogenesis and genetic 
homogeneity. The generation time of M. tuberculosis, in synthetic medium or 
infected animals, is typically ~24 hours. This contributes to the chronic nature 
of the disease, imposes lengthy treatment regimens and represents a 
formidable obstacle for researchers. The state of dormancy in which the 
bacillus remains quiescent within infected tissue may reflect metabolic 
shutdown resulting from the action of a cell-mediated immune response that 
can contain but not eradicate the infection. As immunity wanes, through 
ageing or immune suppression, the dormant bacteria reactivate, causing an 
outbreak of disease often many decades after the initial infection. The 
molecular basis of dormancy and reactivation remains obscure but is 
expected to be genetically programmed and to involve intracellular signaling 
pathways. 

2.4.1Growth 

M. tuberculosis grows well on liquid and solid media such as: - 
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A. Liquid media 

(i) Middlebrook 7H9 and 7H12B broth supplemented with 10% ADC 
(albumin dextrose and catalase) at 37° C. 

(ii) Sautons media for 6-7 weeks at 37° C (Figure-2 a) 

B. Solid media 

(i) Middlebrook 7H10-7H11 agar supplemented with 10% OADC (Oleic acid, 
albumin dextrose and catalase) at 37° C 

(ii) Lownstein Jenson (LJ) slants. (Figure -2 b) 


(a) 


(b) 
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Figure 2: Growth of M. tuberculosis culture on (a) liquid medium and (b) on 
solid medium. 


2.4.2 Pigmentation 

Depending on the pigment produced as well as rate of growth (Runyon et ai, 
1959) sub classifies the non-tuberculosis bacteria in four subgroups. 

a. Sub Groupl : Photomorphogens: These organisms grow slowly. 
Culture, when exposed to light turns yellow, e. g. M. Kansasii, M. 
Mannum, M. Simiae 
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b. Sub Group 2 : Scotochromogen: These organisms grow slowly & 
form yellow pigment even in dark. When the culture is grown in light, 
the pigment is orange, e. g. M. scrofulaceum, M. szulgai, M. gordonae 

c. Sub Group 3 : Nonchromogens: Culture of these organisms is 
colorless & slightly pigmented; growth is slow and inhibited at 22° C but 
is common at 44° C. e. g M. avium, M. intracellularae, M. ulcerans 

d. Sub group 4 : Rapid growers- on primary culture growth may be slow, 
but in subcultures, growth may be evident in 2-3 days. Main organism 
in this sub group or category is M. fortuitum, M. chelonae. 

2.4.3 Resistance 

a. Mycobacteria can be killed at 60° C for 1 5-20 min. 

b. Culture may be killed on direct sun light up to 2 hrs. 

c. Bacilli may remain viable in droplet nuclei for 8-10 days 

d. Bacilli in sputum may remain active for 20-30 min. 

e. Culture may remain viable at Room temprature for 6-8 months and at -20 
°C for 2 years. 

2.4.4 Resistance to chemical disinfectants 

a. Phenol 5% 

b. Sulfuric acid 1 5% 

c. Nitric acid 3% 

d. Oxalic acid 5% 

e. Sodium h^o chloride 4% 

For 5 minutes, the organism can be destroyed by tincture of Iodine and 80% 
Ethanol in 2-10 min. However 80% ethanol is recommended. 
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2.4.5 Primary risk factor 

a. Poverty 

b. Malnutrition 

c. Over crowding condition (Over population) 

d. TB spreads more easily among family members living in the same 
house and breathing the same air. 

e. It’s spread by aerosol droplets and causes irreversible lung destruction. 
If it escapes from the lung, it may cause systemic disease affecting 
many organs including bones, joints, liver, spleen, gastrointestinal tract 
and brain. 



2.5 Epidemiology 

Progress towards eradication of bovine tuberculosis in several countries has 
been impeded by a lack of precise understanding of epidemiological factors, 
such as the significance of inter-bovine transmission and the role of wild 
animals in maintaining disease, as well as other husbandry and environmental 
factors. Skuce and Neill (2003) reported that advances in strain genotyping 
methods now provide the potential to assist in identifying more accurately the 
sources of infection and major routes of transmission as well as outbreak 
contacts. Systematic investigation involving strain genotyping with appropriate 
interventions could probably elucidate more precisely the spread of bovine 
tuberculosis by identifying strain movement, to and/or from contiguous herds, 
spread within-herd, persistence on farm, recrudescence and re-introduction. 
In UK and Ireland, investigating further the geographical association between 
badger and cattle strains could accurately validate perceived associations 
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between badgers, other wildlife and tuberculous cattle. The direction of M. 
bovis transmission between wildlife and cattle may be inferred from temporal 
and geographically based information on prevalent strains involved. 
Additionally, finding of unusual M. bovis genotypes amongst prevalent strains 
in a particular area with unexpectedly identified reactor cattle could alert to 
fraudulent activity in cattle movement. Furthermore, M. bovis strains may 
differ in their immunogenicity and pathogenicity, both of which could affect 
tuberculosis detection. There is already some evidence that M. bovis strain 
type may influence skin test effectiveness (Goodchild et al., 2003). 

Established strain typing techniques such as restriction enzyme analysis 
(REA), (Collins, 1999) and restriction fragment length polymorphism (RFLP) 
typing (Van Soolingen, 2001) have been standardized and are routine 
procedures in several public health and veterinary research laboratories. 
However, these techniques are technically demanding and require expensive 
softwares for analysis and archiving of complex banding patterns. The 
achievement of inter-laboratory reproducibility is not trivial (Heersma et ai. 
1998). Some genetic markers may lack discrimination with some members of 
the M. tubercuiosis complex. For example, IS6ff0-RFLP analysis and 
spoligotyping (Kamerbeek et al., 1997) are poorly discriminating for most M. 
bovis isolates, although spoligotyping does provide additional phylogenetic 
data. 

In New Zealand, REA typing has provided a new insight into disease 
dynamics, demonstrating clustering of REA types in defined areas. Possums, 
other wildlife and farmed animals in the same area were often infected with 


the same REA type. REA typing has been used to include or exclude possible 
sources of infection in specific herds and it has demonstrated clearly whether 
infection in farmed animals has come from the infected local wildlife reservoir, 
or from infected cattle and deer, brought onto those premises. REA strain 
typing has been used to influence the level of herd testing or wildlife control in 
specific areas and is now considered an integral component in local TB 
control schemes (Collins, 1999). 

The genome sequencing projects have disclosed several different classes of 
genetic marker, including insertion sequences, insertion/deletion events, 
tandem repeat loci and point mutations (single nucleotide polymorphisms), all 
of which are now being exploited in molecular epidemiology studies, in an 
attempt to develop more convenient strain typing techniques for M. bovis, that 
are amenable to uncomplicated analysis, intuitive nomenclature and reliable 
inter-laboratory comparison. Identification of repetitive DNA, such as variable 
number tandem repeats (VNTRs) in the genome sequences of M. 
tuberculosis strains H 37 RV and CDC 1551 (Cole et al., 1998) and M. bovis 
AF21 22/97 has been exploited recently in strain typing and high throughput, 
highly discriminating and reproducible assays have been configured (Roring 
et al., 2004). For local applications, it is important to characterize prevalent 
strains and the choice and combination of VNTR markers, which are most 
informative in a given location, needs to be determined empirically. 

A striking feature of applying both spoligotyping and the higher-resolution 
VNTR assay to surveillance, at least In the UK and Ireland, is that M. bovis 
strain appear to cluster in defined geographical areas (Smith ef a/., 2003) 


suggesting that sources of infection are stable and local. Combining spatial 
data with hypothetical phylogenies based on spoligotyping and VNTRs have 
suggested a series of 'clonal expansions', where a particular VNTR genotype 
increases dramatically in frequency. This is either via selection or ecological 
opportunity but most likely due to simple invasion, rather than resulting from 
enhanced adaptation to wildlife and / or cattle. These techniques have also 
been used to establish, from cattle movement data, the probability of infection 
being bought-in or acquired on arrival (Durr et a!., 2004). Strain typing has 
already provided evidence of within-herd spread and the introduction of 
infection through long-range cattle movements. 

2.6 Cell structure and Metabolism 

Mycobacteria are rod-shaped, Gram-positive aerobes, or facultative 
anaerobes. As deduced from its genome, M. tuberculosis has the 
potential to manufacture all of the machinery necessary to synthesize all 
of its essential vitamins, amino acids, and enzyme co-factors. On the 
other hand, the inability to culture Mycobacterium leprae, suggests that 
it has lost many of its metabolic capabilities, and is now an obligate 
parasite, dependent on its host for most of its nutritional needs (Cole et 
al, 1998). This goes in accordance with its severely degenerated 
genome additionally M. tuberculosis has an unusual cell wall, with an 
additional layer beyond the peptkJoglycan layer, which is rich in unusual 
lipids, glycolipids, and polysaccharides. 
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2.7 Taxonomic Status 

The generic name Mycobacterium /Fungus - Bacterium) was first coined by 
Lehmann & Newmann (1996) in the 1®* edition of their book Atlas of 
Bacteriology, because of the mould like pellicular growth of the tubercle 
bacillus on liquid media. The variations of properties within the genus 
Mycobacterium is enormous and is reflected in the range of virulence, habitat, 
rate of growth, nutritional requirements and antigenicity. 


Figure 3: 

Electron 
micrograph of 
M. tuberculosis. 
Courtesy of the 
Institut Pasteur 
image library. 


Many of the unique characteristics of Mycobacteria are found to be in their 
very complex lipid rich cell walls. Mycobacteria are gram-positive, aerobic, 
non-sporing & non-motile (Figure-3). These do not form capsules but have the 
lipids termed mycosides. Mycobacteria are important group of organisms, 
because many of them are pathogenic to Human as well as animals. 
Mycobacteria are gram positive, usually acid and alcohol fast at some stage 
of growth, they do not form capsules, endospores or conidia, rarely exhibit 
grossly visible aerial hyphae, produce acid from sugar by oxidation & with 
exception of those that do not grow In vitro can be divided into rapid and slow 
growing strain. The original description of the genus was based mainly on 
morphological & staining properties - features that are considered sufficiently 
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diagnostic to distinguish Mycobacteria from Actinomycetes (Skerman et ai, 
1980). 


Further publications of newly recognized species, primarily of rapid growers 
have now brought the number to 54.0f these 54, 17 species are pathogenic & 
others are non-pathogenic. Members of genus Mycobacterium exhibit a great 
deal of variability with regard to growth rate, disease causing capability and 
physiology. Different Mycobacteriai species have been described and 
classified on the basis of rate of growth, chromogenecity etc. Although 
Mycobacteria were not formerly divided into subgenera, it is almost essential 
to consider it in two major categories. With the exception of Mycobacterium 
ieprae, which is still to be cultivated in vitro, Mycobacteria can be assigned 
into two groups primarily on the basis of growth rates. The so called rapid 
growers include strains of those species which under optimal conditions of 
nutrition & temperature produce colonies within seven days, whereas, their 
slow growing counterparts require an additional view or more to form such 
colonies under such conditions. The optimum temperature of both species 
ranges from 28- 45 °C. 


2.8 Mycobacteriai genome 

M. tubercuiosis H 37 RV genome comprises of 4,411,529 base pairs, and 
contains around 4000 genes (3924 predicted protein coding genes). The 
genome has a very high guanine + cytosine content (65.6 %) that is reflected 
in the biased amino acid content of the proteins. There is a significant 
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preference for the amino acids Ala, Gly, Pro, Arg and Trp, which are all 
encoded by G+C rich codons, and a comparative reduction in the use of 
amino acids encoded by A+ T rich codons such as Asn, lie, Lys, Phe and Tyr. 
M. tuberculosis radically differs from other bacteria in a very large portion of 
its coding capacity is devoted to the enzymes involved in lipogenesis and 
lipolysis. In total there are -250 distinct enzymes involved in fatty acid 
metabolism in M. tuberculosis compared with only 50 in E. coll (Cole et ai, 
1998). 

2.9 TRANSMISSION 

The principal risk for acquiring infection with Mycobacterium tuberculosis is 
breathing (Bloom and Murray 1992). The classic studies of Wells (1955) and 
his student Riley (Riley and O’Grady, 1 961 ) established beyond doubt that 
infectious particles containing M. tuberculosis were emitted in coughs and 
sneezes and even while speaking, a sneeze may contain over a million 
particles with diameters of less than 100pm, the mean being 10 pm. This 
particle from droplet nuclei in which evaporation continues until the vapor 
pressure of the droplet equals the atmospheric pressure. The droplet nucleus 
is very stable, settles very slowly (about 12mm/min), and remains suspended 
in the air for long periods, A 10 pm droplet nucleus may carry perhaps 3 to 10 
tubercle bacilli. Dust associated particles may also carry M. tuberculosis. 
These particles are larger than droplets, but they can be transiently 
resuspended by air convection and may serve as a reservoir for infectious 
bacilli. Infection can take place by ingestion of tubercle bacilli but is about 
10,000 fold less effective than inhalation of droplets on transmitting 


tuberculosis; probably tubercle bacilli are very sensitive to gastric acid 
(Gaudier and Gernez-Rieux, 1962). The number and concentration of bacilli 
present on the source case estimated to be between 10^ to 10® in solid or 
nodular lesions but of the order of 10® to 10® in cavitary lesions (Canetti, 
1965), are major variables in transmission, duration of exposure and the 
aerodynamics of the exhaled particles. 

Thus lung is major portai of entry in the majority of cases of tuberculosis 
(Glassroth ef a/., 1980s; Mayock and Mac, 1976). Pulmonary TB has been 
variously described as consumption. The terms indicating the severe wasting 
and the coughing of biood associated with later stages of the disease. 
Tuberculosis aiso can deveiop in the central nervous system, in which case 
meningitis is the predominant from of the disease and also in the urogenital 
tract, the digestive system and cutaneously in the from named lupus vulgaris. 
The incidence of these various extrapulmonary forms of tuberculosis varies 
from country to country, such that on the average between 1964 and 1989, 20 
percent of the 20,000 new cases of TB in the United States were 
extrapulmonary while 5 to 1 0 percent of the approximately seven million new 
cases each year in the developing countries were extrapulmonary (Talavera 
efa/.,2001). 

This distribution also can be affected by origin of the individuals within a 
country, in one study of TB patients in England, 20 percent of patients of 
European origin had extrapulmonary TB, of which lymph node, bone and joint 
and genitourinary involvement accounted for almost 90 percent. Of patients 
whose origin was on the Indian subcontinent, 45 percent had extrapulmonary 


tuberculosis and 60 percent of these sites of infection were in lymph nodes 
and in bones and joints (Yates, and Grange, 1993). Autopsies of deceased 
human immunodeficiency virus (HIV) negative TB patient in another study in 
New York City showed that 68 percent had extrapulmonary TB whose lesions 
were widely and randomly distributed throughout the body with no apparent 
predilection for a limited number of sites as noted in the English study 
(Jagirdar and ZagZag, 1996). 

Tuberculosis usually affects the lungs although in up to one-third of cases, 
other organs are involved. In order of frequency, the extrapulmonary sites 
most commonly involved in tuberculosis are the lymph nodes, pleura, 
genitourinary tract, bones and joints, meningitis and peritoneum. However, 
virtually all organ systems may be affected as a result of hematogenous 
dissemination in HIV-infected individuals, extrapulmonary tuberculosis is seen 
more commonly today than in the past. 

The risk of deveioping disease after being infected depends largely on 
endogenous factors, such as the individual’s innate susceptibility to disease 
and level of function of cell-mediated immunity. 

Age is an important determination of the risk of disease after infection. Among 
infected peiaons, the incidence of tuberculosis is highest during late 
adolescence and early adulthood, the reasons are unclear. 
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The incidence among women peak at 25 to 34 years of age group rates 
among women are usually higher than those among men, while at older ages 
the opposite is true. The risk may increase in the elderly, possibly because of 
waning immunity and co morbidity. 

A variety of diseases favor the development of active tuberculosis. The most 
potent risk factor for tuberculosis among infected individuals is clearly HIV co- 
infection, which suppresses cellular immunity. The risk that latent M. 
tuberculosis infection will precede to active disease is directly related to the 
patient’s degree of Immunosuppression. In a study of HIV-infected, PPD- 
positive person, this risk varied from 2.6 to 13.3 cases per 100 person -years 
and depend upon the CD4'^ cell count. This risk of developing tuberculosis is 
significantly greater among HIV-infected than among HIV- uninfected hosts. 
Other conditions known to increase the risk of active tuberculosis among 
person infected with tubercle bacilli include silicosis, lymphoma, leukemia and 
other malignant neoplasm’s, hemophilia, chronic renal failure and 
hemodialysis, insulin-dependent diabetes mellitus, immunosuppressive 
treatment, including that administered for solid-organ transplantation and 
condition associated with malnutrition such as gastrectomy and jejunoileal 
byepass surgery. Finally, the presence of old self-healed fibrotic tuberculosis 
lesion constitutes a serious risk of active disease. (Handbook of Harrison’s, 
2001). 

In modem times, the respiratory route of exposure initiates most TB infections 
now that milk products are generally TB cases were pulmonary (Hopewell, 
1994). Thus, the different forms of the disease discussed above usually arise 
from dissemination of the bacilli from infected lungs. TB in many cases follows 
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a general pattern as described by Wallgren, who divided the progression and 
resolution of the disease into four stages (Wallgren, 1948). In the first stage, 
dating from 3 to 8 weeks after M. tuberculosis contained in inhaled aerosols 
becomes implanted in alveoli the bacteria are disseminated by the lymphatic 
circulation to regional lymph nodes in the lung, forming the so-called primary 
or Ghon complex. At this time, conversion to tuberculin reactivity occurs. The 
second stage, lasting about 3 months, is marked by hematogenous circulation 
of bacteria to many organs including other parts of the lung; at this time in 
some individuals, acute and sometimes fatal disease can occur in the form of 
tuberculosis meningitis (disseminated) tuberculosis. Pleurisy or inflammation 
of the pleural surface can occur during the third stage, lasting 3 to 7 months 
and causing severe chest pain, but this stage can be delayed for up to 2 
years. It is thought that this condition is caused by either hematogenous 
dissemination or the release of bacteria into the pleural space from sub 
pleural concentrations of bacteria in the lung. The free bacteria or their 
components are thought to interact with sensitized CD4 T-lymphocytes that 
are attracted and then proliferate and release inflammatory cytokines 
(Kamholz, 1996). The last stage or resolution of the primary complex, where 
the disease does not progress, may take up to 3 years. In this stage, more 
slowly developing extrapulmonary lesions, e.g., those in bones and joints, 
frequently presenting as chronic back pain, can appear in some individuals. 
However, most humans who are infected with TB do not exhibit progression of 


One-third of exposed HIV-negative individuals become infected, and of this 
number 3 to 5% develop TB in the first year. An additional 3 to 5% of those 
infected develop TB later in their lives. It is thought that most adult TB in non- 
HlV-infected patients is caused by reactivation of preexisting infection (Garay, 

1 996). HIV-positive persons infected with M. tuberculosis have a 50% chance 
of developing reactivation (post primary) TB at some time in their lives. These 
individuals and others who are immunosuppressed can also be newly Infected 
with M. tuberculosis and in many cases show rapid progression to active 
disease (Garay, 1 996 b). Adult TB, whether resulting from activation or new 
infection in HIV-infected patients, is almost always pulmonary and is 
associated with differing degrees of lung involvement and damage, notably 
necrosis, cavitation and bleeding (Jagirdar and ZagZag, 1 996). 

As discussed above, the interaction of M. tuberculosis with the human host 
begins when droplet nuclei containing microorganisms from infectious patients 
are inhaled. While the majority of inhaled bacilli are trapped in the upper 
airways and expelled by ciliated mucosal cells, a fraction (usually fewer than 
10%) reaches the alveoli. It is also possible that bacteria can be initially 
ingested by epithelial type-ll pneumocytes. This cell type is found in greater 
numbers than macrophages in alveoli and M. tuberculosis can infect and grow 
in these pneumocytes ex vivo (Bermudez and Goodman, 1996; Mehta et al., 
1996). In addition, dendritic cells play a very important role in the early stages 
of infection since they are much better antigen presenters than are 
macrophages and presumably play a key role in activating T-cells with 
specific M. tuberculosis antigens (Bodnar et al., 2001 ; Gonzalez-Juarrero et 
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a/., 2001). Since dendritic cells are of migrating nature unlike differentiated 
macrophages (Lipscomb and Masten, 2002), they also may play an important 
role in dissemination of M. tuberculosis. Invasion of macrophages by 
Mycobacteria may result in part from association of C2a with the bacterial cell 
wall followed by C3b opsonization of the bacteria and recognition by the 
macrophages. The bacteria are phagocytosed in a process that is initiated by 
bacterial contact with macrophage mannose and / or complement receptors 
(Schlesinger, 1993). Surfactant protein A, a glycoprotein found on alveolar 
surfaces can enhance the binding and uptake of M. tuberculosis by up 
regulating mannose receptor activity (Gaynor ef a/., 1995). 


On the other hand, surfactant protein D, similarly located in alveoli, inhibits 
phagocytosis of M tuberculosis by blocking mannosyl oligosaccharide 
residues on the bacterial cell surface (Ferguson et al., 1999), and it is 
proposed that this prevents M. tuberculosis interaction with mannose 
receptors on the macrophage cell surface. Cholesterol in cell plasma 
membranes is thought to be important for this process, since removal of this 
steroid from human neutrophils decreases the phagocytosis of M. kansasii 
(Peyron etal, 2000) and similar depletion experiments prevented the entry of 
M. bovis BCG into mouse macrophages (Gatfield and Pieters, 2000). The 
human toll-like receptor 2 (TLR2) also plays a role in M. tuberculosis uptake 
(Noss etal., 2001). 

Cn entry into a host macrophage, M. tuberculosis and other intracellular 
pathogens initially reside in an endocytic vacuole called the phagosome. If the 
normal phagosomal maturation cycle occurs, i. e., phagosome-lysosome 


m 


fusion, these bacteria can encounter a hostile environment that includes 
acidic pH, reactive oxygen intermediates (ROI), lysosomal enzymes, and toxic 
peptides. Reactive nitrogen intermediates (RNIs) produced by activated 
mouse macrophages are major elements in antimicrobial activity (Nathan and 
Hibbs, 1991), and mice with mutations in the genes encoding the 
macrophage-localized cytokine inducible nitric oxide synthase genes are more 
susceptible to various pathogens, including Leishmania major (Wei, 1995), 
Listeria monocytogenes (MacMicking, 1995), and M. tuberculosis 
(MacMicking, 1 997). The M. tuberculosis result is consistent with the results of 
other experiments showing that RNIs are the most significant weapon against 
virulent Mycobacteria \n mouse macrophages (Chan ef a/., 1995; Chan et al., 
1992) and the observation that resistance to RNIs among various strains of M. 
tuberculosis correlates with virulence (Chan et al., 1995; Chan et al., 1992; 
O'Brien et al., 1994). The presence of RNIs in human macrophages and their 
potential role in disease has been the subject of controversy, but the alveolar 
macrophages of majority of TB-infected patients exhibit iNOS activity 
(Nicholson ef a/., 1996). 

2.10 Survival of Af. fu/7ercu/os/s 

Accumulation evidence suggests that M. tuberculosis enters macrophages via 
specific binding to cell surface molecule of phagocytes. It has been reported 
that the tubercle bacillus can bind directly to the mannose receptor via the cell 
wall-associated, mannosylated glycolipid LAM or indirectly via complement 
receptors of the integrin family (CR1, CR3) or Fc receptors. Phagocytosis, 
triggered by engaging certain cell surface molecules such as the Fc receptor, 


stimulates the production of ROI via activation of the oxidative burst. 
Experimental data indicate that M. tuberculosis can interfere with the toxic 
effect of ROI by various mechanisms. First, various Mycobacterial compounds 
including glycolipids (GL), sulfatides (ST) and LAM can down regulate the 
oxidative cytotoxic mechanism. Second uptake via CR1 bypasses activation 
of the respiratory burst. Cytokine-activated macrophages produce RNi that, at 
least in the mouse system, mediate potent antiMycobacterial activity. The 
acidic condition of the phagolysomal vacuole can be conductive to the toxic 
effect of RNI. However, NH/ production by M. tuberculosis may attenuate the 
potency of the L-arginine-dependent antiMycobacterial mechanism and that of 
lysosomal enzymes, which operate best at an acidic pH. In addition. 
Mycobacterial products such as sulfatides and NH/ may interfere with 
phagolysosomal fusion. Finally, the tubercle bacillus may evade the highly 
toxic environment by escaping in to the cytoplasm via the production of 
hemolysin. 

2.11 Pathogenesis & immunology 

Pathogenicity for human for some of the following bacteria is questionable: M. 
gordonae, M. asisticum, M. terrae, M. triviale, M. nonchromogenicum, M. 
gastri, M. flavescens and M. phlei. These species may be found in sputum 
specimens, excent for M. rriarinum, M. haemophilum and M. u/cerans, which 
are typical of specimens from skin lesions. Any of these species, can be found 
in blood specimens obtained from HIV-infected individuals, although M, avium 
is most often isolated. Since M. tuberculosis can also be isolated from blood 
specimens, one must give special attention to the possibility of mixed culture. 


The frequency of finding more than one Mycobacterial species in sputum 
specimens from non-HIV patients is increasing as well. 

2.11.1 Pulmonary TB 

The most common clinical manifestation of TB is the pulmonary disease. After 
inhalation, the bacilli initiate small lesions in the lower respiratory tract. These 
lesions frequently heal to form tiny tubercle, which are too small to be seen by 
x-rays but may continue to harbor the bacilli indefinitely. In other cases, 
replication of the bacilli continues and the lesions expand and undergo 
caseation necrosis, which will destroy the normal tissue and leave the necrotic 
tissue in a semisolid, “cheesy” state. Caseation necrosis may eventually heal 
and become infiltrated with fibrous tissue and calcium deposits, or may 
continue to expand leaving cavities in the lungs (Gebbardt et al., 1 996). 

3.11.2 Extra pulmonary TB 

Extrapulmonary TB is more common in children and in HIV-infected 
individuals (Shafer and Ediin, 1996). In extrapulmonary TB, the tubercle bacilli 
may spread through the bloodstream from the lesions in the lungs into other 
organs such as, bones and joints particularly the spine (Okuyama et al., 
19%), kidneys and genital tract causing genitourinary TB (Gorse and Belshe, 
1985), or the central nervous system causing TB meningitis (Thwaites et al., 
2000). TB meningitis is fatal in almc^ all cases without treatment, therefore 
prompt identification and chemotherapy are crucial to prevent serious 
neurological sequels. 



Another clinical manifestation of extrapulmonary TB is disseminated TB, 
which is defined as involvement of many organs simultaneously, and can 
occur as result of a primary progressive disease or reactivation of the latent 
infection (Hill etai, 1991). 

The pathogenesis of tuberculosis described series of battles between the host 
and the parasite; the weapons of the host are - 1) activated macrophage- to 
kill the tubercle bacilli that it ingests. 2) Inhibitory- potential to stop the 
intracellular growth of bacilli in a non-activated macrophage by killing the 
macrophage, thereby transforming a favorable intracellular environment in to 
the inhibitory environment of solid caseous tissue. 

The weapons of tubercle bacillus are (1) Logarithmic multiplication ability 
within non-activated macrophages, i. e., within the monocytes that recently 
immigrated into the tissues’ local sites of the infections. (2) Extracellular 
multiplication ability, often reaching tremendous numbers, in the liquefied 
caseous focus which often forms activity. 

Despite the strong host weapons against tubercie baciilus the host is 
vulnerable due to (1 ) the non-activated macrophages, which provide a 
favorable intracellular environment are bacillary growth and (2) material which 
is the only menstruum that supports the extracellular growth of the bacillus. 
The vulnerability of the baciilus are- (1) an inability to survive within a fully 
activated macrophage. (2) An inability to multiply in solid caseous tissue. 

Cell mediated immunity (CMI), aquired cellular resistance (ACR), and 


Delayed-type hypersensitivity (DTH) are immunolgical responses produced by 
the host that play key role in the pathogenesis of tuberculosis. The tubercle 
bacillus apparently cannot injure host tissue until these immune responses 
develop. 

Usually the control of the infection at some point during various stages of 
disease progression in the sensitive host, the following stages have been 
marked- strain of M.TB prior exposure, vaccination. Infectious dose. Immune 
status of the host. 

2.11.2 Stages of Tuberculosis infection 
Stage-1. 

There is no bacillary growth. The bacillus growth, the bacillus is usually destroyed 
or inhibited by the mature resident AM that ingests it. If the bacillus is not 
destroyed, it grows (i. e. multiplies) and eventually destroys the AM. 

Stage-2. 

This begins after 7-21 days of initial infection. Mycobacterium Multiples 
logarithmically with the immature unactivated macrophages of the developing 
lesion (now called a tubercle). This ultimately leafs to burst of the 
macrophages. Other macrophages begin to extravasate from peripheral 
blood. These macrophages also phagocytose M. TB, but they are also 
inactivated and hence cannot destroy M. TB. 

Stage-3. 

The number of viable bacilli becomes stationary because there growth is 
inhibited by the immune respcMise. This immune response has two 
components- (a) Cell-mediated immunity (CMI), 1. e., activated macrophages 
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and (b) delayed-type hypersensitivity (DTH), i. e. caseous necrosis. Cell- 
mediated immunity is critical at this early stage which confers partial 
protection against M. tuberculosis, while humoral immunity has no defined 
role in protection. Two types of cells are essential macrophages, which 
directly phagocytize tubercle bacilli and T-cells (mainly CD4'^ lymphocytes), 
which induce protection through the protection of lymphokines. At this stage 
lymphocytes begin to infiltrate. The lymphocytes, specifically T-cells, 
recognize processed and presented M. TB antigen in content of molecule. 
Coincident with the appearance of immunity, DTH to M. tuberculosis 
develops. This reactivity is the basis of the PPD skin test, currently the only 
test that reliably detects M. tuberculosis infection in persons without 
symptoms. The cellular mechanisms responsible for PPD reactivity are 
related mainly to previously sensitized CD4^ lymphocytes, which are attracted 
to the skin-test site. There, they proliferate and produce cytokines. 

Antigen processing and presentation by macrophages to T-lymphocytes result 
in proliferation of CD4^ lymphocytes, which are crucial to the host’s defense 
against M. tuberculosis. Qualitative and quantitative defects of CD4^ T cells 
explain the inability of HIV-infected individuals to contain Mycobacterial 
proliferation. Reactive CD4'’^ lymphocytes produce cytoWnes of the T^1 pattern 

and participate in MHC class ll-restricted killing of cells infected with M. 
tuberculosis. T^1 CD4^ cells produce interferon- a (IFN- a) and IL-2 and 

promote cell-mediated immunity. Tj^2 cells produce IL-4, IL-5, and IL-10 and 

promote humoral immunity. The interplay of these various cytokines and their 
cross-regulation determine the host's response. The role of cytokines in 


promoting intracellular killing of Mycobacteria has not been entirely 
elucidated. IFN-a may induce release of nitric oxide, and TNF-a also seems to 
be important. Finally, the role of other cells, such as natural killer (NK) cells, 
"double-negative" CD4'^, CDS"^ cells, and T cells, in protective immunity 
remains unclear. 

It is at this stage that the individual becomes tuberculin-positive. This 
positive tuberculin reaction is the result of the host developing a vigorous cell 
mediated immune (CMI) response. A CMI response must be mounted to 
control an M. TB infection. An antibody-mediated immunity (AMI) will not aid 
in the control of a M. TB. Infection because M. TB is intracellular and if 
extracellular, it is resistant to complement killing due to the high lipid 
concentration in its cell wall. 

Although, CMI response is necessary to control M. tuberculosis infection. It is 
also responsible for much of the pathology associated with tuberculosis. 
Activated macrophages may release lytic enzymes and reactive intermediates 
that facilitate the development of immune pathology. Activated macrophages 
and T-cells also secrete cytokines that may also play a role in the 
development of immune pathology, including Interleukin 1 (IL-I), tumor 
necrosis factor (TNF), and gamma IFN, contributes to the killing of 
Mycobacteria, the formation of granulomas and a number of systemic effects 
such as fever and weight loss. It Is at tfiis stage that tubercle formation 
begins. The center of the tubercle is characterized by ‘caseation necrosis’ 
meaning semi-solid or ‘cheesy’ consistency M. TB. Cannot multiply within 




these tubercles because of the low pH and anoxic environment. M. TB can 
however, persist within these tubercles for extended periods. The disease is 
arrested at this stage if the activated macrophage population predominates. 

In next stages many activated macrophages can be found surrounding the 
tubercles, many other macrophages present remain unactivated or poorly 
activated. M. TB uses these macrophages to replicate and hence the tubercle 
grows. The growing tubercle may invade a bronchus. If this happens, M.TB 
infection can spread to other parts of the lung. Similarly the tubercle may 
invade an artery or other blood supply line. The hematogenous spread of 
M.TB may result in extrapulmonary tuberculosis otherwise known as milliary 
tuberculosis. The name "milliary" is derived from the fact that metastasizing 
tubercles are about the same size as a millet seed, a grain commonly grown 
in Africa. 

The secondary lesions caused by milliary TB can occur at almost any 
anatomical location, but usually involve the genitourinary system, bones, 
joints, lymph nodes, and peritoneum. These lesions are of two types: 

1. Exudative lesions result from the accumulation of PMN's around M. TB. 
Here the bacteria replicate with virtually no resistance. This situation gives 
rise to the formation of a "soft tubercle". 

2. Productive or granulomatous lesions o(xur when the host becomes 
hypersensitive to tuberculoproteins. This situation gives rise to the formation 
of a "hard tubercle". 
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In the last stage of the liquefaction the bacillus evades host defenses. 

Reasons leading to liquefaction of caseous centers of tuberculosis remains 
are still unknown. This liquid is very conducive to M.TB growth and hence the 
organism begins to rapidly multiply extracellularly. After some time, the large 
antigen load causes the walls of nearby bronchi to become necrotic and 
rupture. This result in cavity formation, the activity due to the tissue 
destruction as a result of a delayed-type hypersensitivity (DTH) reaction to 
various bacillary antigens. The bacilli enter the bronchial tree and then other 
parts of the lung and the outside environment. Arrestment of the disease at 
this stage depends on whether the antigenic load (off both the bacilli and their 
products) remains small enough for the host to cope with only a very small 
percent of M.TB infections resulting in the formation of disease and even a 
smaller percentage of M. TB infection progress to an advanced stage. Usually 
the host will begin to control the infection at some point. When the primary 
lesion heals, it becomes fibrous and calcifies. When this happens, the lesion 
is referred to as the Ghon complex. Depending on the size and severity, the 
Ghon complex may never subside. Typically the Ghon complex is readily 
visible upon chest X-ray. 

2.11.2.1 immune response to TB 
Innate immune response 

Recent immunological and genetic studies have corroborated the long- 
standing notion that, innate immunity is relevant in the host defense against 
M. tuberculosis. 
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The uptake of M. tuberculosis by alveolar macrophages represents the first 
step in the innate host defense against TB. This initial interaction is mediated 
by cellular receptors such as complement receptors, mannose receptors, 
surfactant receptors, and scavenger receptors (Chan etal., 1992; Downing et 
al., 1995; Fiesch and Kaufmann, 1988; Gaynor etal., 1995; Schlesinger etal., 
1993). Most recently, attention has been focused on the role of toll-like 
receptors (TLRs) in mediating the uptake of Mycobacteria by macrophages. 

Specifically, the role of TLR2 and TLR4 in sensing Mycobacteria and 
promoting anW-Mycobacterial responses has been demonstrated in several 
studies. In vivo studies using TLR2 or TLR4 deficient mice have shown that 
these mice are more susceptible to Mycobacteria infection than wild-type mice 
(Quesniaux et al., 2004). 

Furthermore, in vitro studies using a human macrophage-like cell line have 
demonstrated that activation of TLRs by lipoproteins contained within the M. 
tuberculosis cell wall induces production of IL-12, an important pro- 
inflammatory cytokine in the host response against TB (Brightbill et al., 1999). 
In addition, these studies showed that TLR-mediated IL-12 production also 
resulted in increased production of nitric oxide synthetase and nitric oxide, 
which are important for the intracellular killing of Mycobacteria. 

Thus, TLRs contribute to the innate immunity by detecting Mycobacteria- 
associated molecular patterns and mediating tf\e secretion of 
antiMycobacterial effector molecules. However, TLRs can also influence the 
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specific immunity by upregulation of immunomodulatory molecules supporting 
the development of pro-inflammatory responses (Schluger, 2001). 

2.11.2.2 Specific immune response 

The specific immune response to M. tuberculosis in the lungs is complex and 
involves multiple mechanisms. T cells are believed to be essential in the 
protective immune response against TB, and the interaction of T cells with 
macrophages is critical for the control of the infection. The production of 
inflammatory cytokines and chemokines, induced by ingestion of M. 
tuberculosis by alveolar macrophages (Means et al., 1999), leads to the 
migration of monocyte-derived macrophages and dendritic cells to the site of 
infection. The dendritic cells that engulf Mycobacteria mature and migrate to 
regional lymph nodes (Bodnar et al.. 2001; Henderson et al., 1997; Hertz et 
al., 2001), where then T cells are primed against Mycobacteria antigens. 
Primed T cells expand and migrate to the site of infection in the lungs, 
presumably due to the upregulation of local adhesion molecules and 
chemokines. The migration of macrophages and T cells to the site of infection 
results in formation of a granuloma (Figure- 4), which also comprises other 
cells such as B cells, dendritic cells, endothelial cells, fibroblasts and probably 
stromal cells (Gonzalez-Juarrero eta!., 2001 ). 

The granuloma functions as an immune microenvironment to facilitate 
interactions between T cells and macrophages. In addition to providing a 
framework for these cells, granulomas serve to wall off Mycobacteria from the 
rest of the lungs, limiting the dissemination of the infection. However, 


depending on the cellular composition and on the cytokine and chemokine- 
secreting profile, granulomas can also be associated with pathology or at 
least lack of adequate containment of bacillary multiplication (Saunders and 
Cooper, 2000). 

2.11.3 Role of CD4, CDS and T cells in the response against M. 

tuberculosis and latent infection 

2.11.3.1: CD4*T cells 

CD4+ T cells play a central role in the immune response against M. 
tuberculosis. Peptide antigens from Mycobacteria, degraded in the 
phagolysosomal compartment and complexed with the MHC class If 
molecules are recognized by CD4'*' T ceils, resulting in their activation (Davis 
and Bjorkman, 1988). The main function of CD4‘*^T cells in immunity to TB is 
thought to be the production of cytokines, specifically IFN-y, which is critical 
for macrophage activation and the subsequent induction of microbicidal 
mechanisms (Flesch and Kaufmann, 1990). The critical role of IFN-y in the 
control of Mycobacteria infections has been demonstrated in animal models. 
Experimentally, mice deficient in IFN-y or In IL-12, a critical cytokine in the 
induction of IFN-y production, were highly susceptible to challenge with M. 
tuberculosis (Cooper et al., 1993; Cooper etai., 1997). In addition, studies in 
humans have shown that patients with IFN-y receptor deficiency presented 
disseminated infection with M. bovis BCG and/or environmental Mycobacteria, 
which resulted in the death of about half of the patients and required 
continuous anti-Mycobacfer/a/ treatment in the survivors (Abel e/a/., 2002). 
CD4* T cells can also contribute to the control of acute Mycobacteria 
infections through IFN-y independent mechanisms. This has been 



demonstrated in a variety of experimental models using antibody depletion 
and mouse strains deficient in either CD4 or MHC class II molecules (Caruso 
et al., 1999; Scanga et al., 2000). In mice deficient in CD4 or MHC class II 
molecules, the levels of IFN-y were significantly diminished very early during 
infection, but later the IFN-y production was similar to that seen in wild type 
mice. However, deficient mice were not rescued by this later production of 
IFN-y, and succumbed to the infection. IFN-y independent mechanisms of 
action of CD4’^ T cells may also include a cytolytic function of these cells, as 
has been shown in murine models (Izzo and North, 1992) as well as in 
humans (Tan etal., 1997). 

Further evidence of the importance of CD4* T cells in the control of TB in 
humans is obtained from studies of the clinical course of co-infection with HIV. 
Depletion of 004"^ T cells during HIV infection dramatically increases the 
susceptibility to primary and reactivation TB (Havlir and Barnes, 1999; Jones 
efa/., 1993). 

2.11.3.2 CDS* T cells 

Despite the intraphagosomal location of M. tuberculosis, it is now recognized 
that CDS* T cells, restricted either by MHC class I or CD1 molecules, 
participate in a successful artti-Afycobacfena/ immune response. In contrast to 
the peptide epitopes presented by the MHC molecules, CD1 molecules 
present lipids or glycolipids to T cells (Porcelli and Modlin, 1 999). 


Experimentally, mice deficient in p2-microglobulin, a component of both MHC 
class I and non-classical MHC class 1b molecules were found to be more 
susceptible to infection with M. tuberculosis than wild type mice (Flynn et al., 
1992). Similarly, increased susceptibility to Mycobacfer/a/ infections has been 
seen in mice deficient in transporters associated with antigen processing 
(TAP) molecules, which transport peptides from the cytosol to the 
endoplasmic reticulum for loading into MHC class I molecules (Behar et al., 
1999; Sousa et al., 2000). In addition to these studies, vaccination of mice 
with DNA plasmids expressing Mycobacterial antigens were also shown to 
induce antigen-specific CDS"^ CTL, which conferred protection against 
challenge with M. tuberculosis (Smith and Dockrell, 2000). Despite all the 
experimental findings confirming the role of CDS'^T cells in the control of TB, it 
still remains unclear how phagosomically derived antigens interact with the 
MHC class i processing machinery. 

CDS"^ T cells appear to have two major functions in TB immunity, lysis of 
infected cells and production of cytokines, mainly IFN-y. The relative 
contribution of these functions is unknown. It has been shown that CDS'*^ T 
cells from the lungs of infected mice are primed to produce IFN-y, upon T cell 
receptor (TCP) interaction with M. tuberculosis infected dendritic cells 
(Serbina and Flynn, 1999). However, unlike CD4'^T cells spontaneous ex vivo 
production of IFN-y by CDS^ T cells is very low, suggesting that the production 
of this cytokine by CD8'^ T cells in the lungs is limited (Serbina and Flynn, 
1999). Evidence for a more direct role of CD8'*’ T cells come from studies 
showing lysis of infected human macrophages and dendritic cells by GDI and 


MHC class I restricted CD8^ T cells specific for M. tuberculosis, resulting in 
reduced numbers of intracellular bacteria (Cho et al., 2000; Stenger et al., 
1997). The killing of the intracellular bacteria was shown to be perforin- 
dependent (Stenger etal., 1997). Perforin was required to form a pore, but the 
molecule responsible for the killing of the intracellular bacteria was granulysin, 
another cytotoxic granule protein (Stenger etal., 1998). 

2.1 1.3.3: y 5*T cells 

A large amount of evidence from human and animal studies suggests that, 
yS+T cells play a significant role in the host response to TB (Boom, 1996). It is 
generally believed that these cells are involved in primary immune defense. 
Indeed, a recent study reported that y 6+ T cells accumulated in the lungs of 
BCG-infected mice three weeks earlier than antigen-specific ap+ T cells, 
suggesting that y 5+ T cells in the lungs might help to control Mycobacterial 
infection during the period between the innate and adaptive immunity. 

Additionally, results suggested that y 5+ T cells might also play an important 
regulatory role in the subsequent onset of ap+T cells (Dieli etal., 2003). 

Experimentally, expansion of yS+T cells has been shown in mice exposed to 
Mycobacterial antigens or live bacteria. In addition, in vitro studies have also 
shown expansion of human y 5+ T cells, specially the Vy 9A^52 TCR subset, by 
Mycobacterial antigens and live Mycobacteria (Boom et al., 1992; De Ubero 
et al., 1991; Havlir et al., 1991; Ohmen et a!., 1991; Panchamoorthy et a!., 
1991; Porcelli efa/., 1992) 




M. tuberculosis reactive yO+T cells have been detected in the peripheral blood 
of tuberculin skin test (TST) positive and BCG-vaccinated individuals. These 
cells were found to be cytotoxic for monocytes pulsed with Mycobacterial 
antigens and to secrete cytokines that may be involved in the granuloma 
formation (Cooper, 1993; Munk etal., 1990). 

The role of y 6+ T cells in the granuloma formation in response to M. 
tuberculosis has been demonstrated in studies using mice with severe 
combined immunodeficiencies (SCID). In these studies, SCID mice did not 
form granulomas and rapidly succumbed to disease after BCG infection. 
However, these mice survived BCG inoculation, when engrafted with co- 
isogenic lymph node cells depleted of CD4'^ and CDS"^ T cells, indicating that 
the remaining yd"*^ T cells were responsible for this response (Izzo & North, 
1992; North and Izzo, 1993). 

2.11.4 Macrophages 

Apart from their significant function in innate immunity, macrophages have 
been reported to play a crucial role in the adaptive immune responses against 
Mycobacteria by producing cytokines such as tumor necrosis factor-alpha 
(TNF-a) and IL-1 p (Fenton and Vermeulen, 19^). The importance of TNF-a 
has been extensively studied in knock-out mice. In these studies, TNF-a 
knockout mouse presented a profound susceptibility to aerogenlc infection 
with M. tuberculosis characterized by a reduced macrophage differentiation 
and granuloma formation that resulted in Mycobacterial overgrowth and rapid 
animgil death (Saunders and Cooper. 2000). Additionally, TNF-a and IL-ip 



along with IFN-y produced by T cells, stimulate production of nitric oxide in 
macrophages. The production of nitric oxide and related reactive nitrogen 
intermediates by macrophages is considered to be an effective host-defense 
mechanism against microbial intracellular pathogens like Mycobacteria (Chan 
et a!., 1992; Denis, 1991). In the murine model of TB, nitric oxide plays an 
essential role in the killing of M. tuberculosis by mononuclear phagocytes. For 
example, in the mouse strain with a genetic disruption for inducible nitric oxide 
synthetase (iNOS), infection with M. tuberculosis is associated with a 
significantly higher risk of dissemination and mortality. Although more 
controversial in humans, there is a growing body of evidence that nitric oxide 
produced by TB-infected macrophages has anti-Mycobacterial ettecXs against 
M. tuberculosis. The precise mechanism(s) by which nitric oxide and other 
reactive nitrogen species antagonize M: tuberculosis is not known, but may 
involve disruption of bacterial DNA, proteins, signaling, and/or induction of 
apoptosis of macrophages that harbor Mycobacteria. 

2.11.4.1 B cells 

While the role of T cells in the protection against Mycobacfer/a/ infections is 
well established, the role of B cells and antibodies is less understood. Studies 
conducted in mice lacking B cells have been controversial, making it difficult 
to define the role of these cells in anti- A/fycobacfena/ immunity. In this regard, 
it has been reported that B cells play no role at all (Johnson et al., 1997). On 
the other hand, other stucfies have suggested a role for B ceils as APCs and 
in granuloma formation (Vordermeier et ai., 1996), or a role in the regulation 
of chemokines and/or adhesion molecules expression leading to recruitment 
of neutrophils, macrophages and CDS'*’ T cells during early M. tuberculosis 
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infection. (Bosio et al., 2000). Moreover, attempts at passive vaccination with 
antibodies in man and mice have also produced contradictory results, having 
reported no effect (Glatman-Freedman and Casadevall, 1998) or inhibition of 
bacilli dissemination (Pethe et al., 2001) and prolongation of survival in 
infected animals (Teitelbaum, 1 998). 

2.12 Virulence factor 

Mycobacterium does not possess classical virulence factors like those which 
are the major casuses of disease due to other pathogens, e. g., toxins 
produced by Corynebacterium diphtheriae, Escherichia co// 0 1 57: H7 Shigelia 
dysenteriae and Vibrio cholerae and other factors like capsules and fimbriae. 
However, a number of structural and physiological properties of the bacterium 
are beginning to be recognized for their contribution to bacterial virulence and 
The pathology of tuberculosis. 
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Figure 5: Flow chart showing the progression of M. tuberculosis bacillus after 
inhalation and entry into macrophages and activation of immune 
response. 
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2.13 Mechanisms for cell entry 

The tubercle bacillus can bind directly to mannose receptors on macrophages 
via the cell wall associated mannosylated glycolipid, LAM, or indirectly via 
certain complement receptors or Fc receptors. On the other hand, surfactant 
protein D, similarly located in alveolae, inhibits phagocytosis of M. 
tuberculosis by blocking mannosyl oligosaccharide residues on the bacterial 
cell surface (Ferguson et al., 1 999), and it is proposed that this prevents M. 
tuberculosis interaction with mannose receptors on the macrophage cell 
surface. Cholesterol in cell plasma membranes is thought to be important for 
this process, since removal of this steroid from human neutrophils decreases 
the phagocytosis of M. kansasii (Piddington et ai, 2001) and similar depletion 
experiments prevented the entry of M. bovis BCG into mouse macrophages 
(Gatfield and Pieters, 2000). The human toll-like receptor 2 (TLR2) also plays 
a role in M. tuberculosis uptake (Frischkorn et al., 1 998). 

Intracellular Growth. This is an effective means of evading the immune 
system. In particular, antibodies and complement are ineffective. Once M. TB 
is phagocytosed, it can inhibit phagosome-lysosome fusion. The exact 
mechanism used by M. TB to accomplish this is not known but it is thought to 
be the result of a protein secreted by bacterium that modifies the phagosome 
membrane. Ca^+ signaling is inhibited when M. tuberculosis enters human 
macrophages but not when killed M. tuberculosis or antibody-opsonized M. 
tuberculosis cells are phagocytosed (Malik et al., 2000). This effect was 
correlated with trafficking to late endosomes; i. e., elevated Ca^+ levels were 
associated with phagolysosome Ca^* levels would help M. tuberculosis avoid 


these host defense mechanisms. It has also been postulated that a selective 
advantage to M. tuberculosis of staying in an early endosome is that there 
would be less host immunosurveillance by CD4'^ T cells. In agreement with 
this idea, there is a decrease in the expression of major histocompatibility 
complex class II (MHC-I) proteins and in the MHC-II presentation of bacterial 
antigens in macrophages after M. tuberculosis infection (Noss et ai, 2001). 
This effect seems to be induced by presence of the secreted or surface- 
exposed M. tuberculosis 19-kDa lipoprotein, which is thought to interact with 
TLR-2 in the early phase of bacterial entry into macrophages (Thoma- 
Uszynski et a!., 2001). The mechanism by which virulent Mycobacteria 
prevent phagosomal maturation is not known, but in the normal maturation of 
the Mycobacterial phagosome there is a successive recruitment of Rab 
proteins, which are small GTPases involved in endosome trafficking; i. e., 
Rab5 associates with early endosomes, and Rab7 is found in later 
endosomes. The M. tuberculosis phagosome that does contain Rab5 does 
not recruit Rab7 (Via et a/., 1997). Also, TACO, a member of the coronin 
family of actin binding proteins, is preferentially recruited to the Mycobacterial 
phagosome of infected murine macrophages, where it was reported to be 
retained in phagosomes containing live and not killed M. bovis BCG (Ferrari et 
ai, 1999). The bacterium may remain in the phagosome or escape from the 
phagosome, in either case finding a protected environment for growth in the 
macrophage. 

M. TB interferes with the toxic effects of reactive oxygen intermediates 
produce(|in the process of phagocytosis by two mechanisms: 


1. Compounds including glycolipids, sulfatides and LAM down regulate the 
oxidative cytotoxic mechanism. 

2. Macrophage uptake via complement receptors may bye-pass the activation 
of a respiratory burst. 

Antigen 85 complex: This complex is composed of a group of proteins 
secreted by M. TB that is known to bind fibronectin. These proteins may aid in 
walling off the bacteria from the immune system and may facilitate tubercle 
formation although evidence of this is lacking. 

Slow generation time. Because of M. TB's slow generation time, the immune 
system may not readily recognize the bacteria or may not be triggered 
sufficiently to eliminate them. Many other chronic disease are caused by 
bacteria with slow generation times, for example, slow-growing M. leprae 
causes leprosy. Treponema pallidum causes syphilis, and Borrelia burgdorferi 
causes Lyme disease. 

High lipid concentration in cell wall, as mentioned previously, accounts for 
impermeability and resistance to antimicrobial agents, resistance to killing by 
acidic and alkaline compounds in both the intracellular and extracellular 
environment, and resistance to osmotic lysis via complement deposition and 
attack by lysozyme. 

Cord factor: The cord factor is primarily associated with virulent strains of M. 
TB. It is known to be toxic to mammaliem celts and to be an inhibitor of PMN 

migration. However, its exact role in M. TB virulence is unclear. 



2.14 Anti-Mycobacterial agents 

Drugs used to treat tuberculosis are classified as first-line and second-line 
agents. First-line essential tuberculous agents are the most effective and are 
a necessary component of any short courses therauptic regimens. The three 
drugs in this categories are a fat soluble complex, mycrocyclic antibiotic 
Rifampin (RIF), water soluble hydrazides of isonicotinis acid, Isoniazid (INH), 
and a derivative of nicotinic acid, Pyrazinamide (PZA). The first-line 
supplemental agents, which are a highly effective and infrequently toxic, 
include a water-soluble derivative of Ethylenediamine ethambutol (EMB) and 
an aminoglycoside isolated from Streptomycine griseus, Streptomycine (SM). 
Second-line anti-tuberculous drugs are much less effective than the first-line 
agents and much more frequently elicit severe reactions. They include a 
complex cyclic polypeptide derived from streoptomyces capriolus, 
Capriomycin, aminoglycosides like amikacin and kanamycin, para-amino- 
salisyclic acid (PAS), a type of isoniazid, thiacetozone a complex based 
polypeptide antibiotic, viomycin, a derivative of isonicotanic acid, ethionamide 
and amino derivative of isoxazolidinone, cycloserine. Newer anti-tuberculous 
drugs, which have not yet been placed in first-line essential anti-tuberculous 
agents, the first-line supplemental agents and second-line antituberculous 
drugs include a semi-synthetic Rifamycin supiropiperidly derivative. Rifabutin, 
a semisynthetic cyclopentyl rifamycin antibiotics, rifapentine and fluorinated 
quenolonse like Ofloxacin, Ciprofloxadn, Sparfloxacin and Pefloxacin. 
Because administration of a single drug often leads to the development of a 
bacterial population resistant to that drug, effective regimens for the treatment 
of TB must contain multiple drugs to which tt>e organisms are susceptible. 


When two or more drugs are used simultaneously, each helps prevent the 
emergence of tubercle bacilli resistant to the others. However, when in vitro 
susceptibility of a patient's isolate is not known, which is generally the case at 
the beginning of therapy, selecting two agents to which the patient's isolate is 
likely to be susceptible can be difficult, and improper selection of drugs may 
subsequently result in the development of additional drug-resistant organisms. 

Hence, tuberculosis is usually treated with four different antimicrobial agents. 
The course of drug therapy usually lasts from 6-9 months. The most 
commonly used drugs are rifampin (RIF) isoniazid (INH), pyrazinamide (PZA) 
and ethambutol (EMB) or streptomycin (SM). When adherence with the 
regimen is assured, this four-drug regimen is highly effective. Based on the 
prevalence and characteristics of drug-resistant organisms, at least 95% of 
patients will receive an adequate regimen (at least two drugs to which their 
organisms are susceptible) if this four-drug regimen is used at the beginning 
of therapy. Furthermore, a patient who is treated with the four-drug regimen, 
but who defaults therapy, is more likely to be cured and not relapse when 
compared with a patient treated for the same length of time with a three-drug 
regimen. 

2.15 Cell Wall 

The shape forming properties of the bacterial cell walls are attributing to the 
peptidoglycan, whose chemical structure in M. tuberculosis closely resembles 
that found in other bacteria. Attached to this by phosphodiester bond is a 
branched chain polysaccharide, the arabinogalctan, whose distal ends are 
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esterified with high-molecular weight fatty acid (mycolic acids) of sizes and 
structure unique to Mycobacteria. Mycolic acids are 1 -alkyl branched 2- 
hydroxy fatty acids, typically with 70 to 90 carbon atoms. The branch is 
commonly about 24-carbon atom long and is a simple alkyl chain, but the 
main chain contains {M. tuberculosis) cyclopropyl, Methoxyl or keto and 
methyl groups. This asymmetry between the two-alkyl chains is important in 
the construction of models of Mycobacteria] envelope. Peptidoglycan- 
arabinogalctan Mycolate forms the so-called cell wall skeleton, which is 
readily isolated and studies associated with the skeleton, which is a large 
variety of lipids and glycolipids (and possibly some proteins). These difference 
considerable among Mycobacterial species or group of species and a few 
have highly distinctive ultra structural appearances, but those associated with 
M. tuberculosis (many of which are well studied and well understood from a 
chemical point of view) are not among the ultra structurally recognizable 
types. None of these associated molecules is the anatomical situation in M. 
tuberculosis known and their connections with ultra structure are not definitely 
known. New wall-associated molecules continue to be described and it seems 
certain that some remain to be isolated and identified. Consequently, one 
must admit the possibility that some features of the appearance of the wall are 
caused by substances still unknown. 

The special ability of M. tuberculosis to survive in a mammalian host and to 
cause a potentially fatal disease presumably derives at least in part from the 
nature and arrangement of particular chemicals in the bacterial cell. Further 


study of the ultrastmcture of this particular species is needed to understand its 
pathogenic properties. 

2.15.1: Cell envelope 

The Mycobacteria cell envelope contains high proportion lipids, whose diverse 
structures have obvious chemo systematic potential. It is lipid part of cell wall 
that gives Mycobacteria their unusually thick and waxy envelop. The elaborate 
and distinctive feature of many of the cell wall moieties has led to speculate 
that these are involved in the virulence and pathogenesis of Mycobacterium. 
These structure include mAGP, LAM, LM, PIM, SL trehalose, 6,6’-dimycolate 
(cord factors), other acylated trehalose, phenolic glycolipid, 
lipooligosaccharide and attenuation indicator lipid. While some of these 
molecules, such as SL and cord factor, have previously been implicated in 
host-pathogen interaction (Goren and Brennan, 1979). 

Peptidoglycan forms the basal layer of cell wall to which arabinogalctan and in 
turn, Mycolate are covalently attached. The peptidoglycan in Mycobacteria is 
of a common in many bacteria (Draper, 1982; Dean et ai, 2001) but with two 
slight differences. First, there are interpeptide linkages between two 
diaminopimelate residues as well as the usual D-alanyl-diaminopimelte 
linkages (Wietzerbin etal, 1975). Second, the usual N-acetyl-muramic acid is 
replaced with N-glycolyl-muramic acid M. bovis and in other Mycobacteria 
(Azuma ef a/., 1970). 
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Figure 6: Complex cell wall structure of Mycodacfena, 


2.16: Clinical identification and prevention 

Diagnosis of tuberculosis is a high index of suspicion. Diagnosis is not difficult 
with a high-risk patient. On the other hand it can easily be missed in a patient 
with a focal infiltrate. Diagnosis of tuberculosis requires detection of acid-fast 
bacilli in appropriate specimens depending upon the type of tuberculosis. 
Sputum is the most common specimen submitted for culture when pulmonary 
tuberculosis is suspected. Although not as satisfactory as expectorated 
sputum, induced sputum is a better specimen than gastric aspirates for the 
recovery of Mycobacteria. Bronchoscopy specimens or transtracheal 
aspirations are also appropriate respiratory tract specimens for Mycobacterial 
culture. In case of extra pulmonary tuberculosis appropriate specimens 
include blood, pleural fluid, bronchial, aspirates, bone marrow, purulent 
exudates, joint fluid, cerebrospinal fluid, nasopharyngeal swab and others. 
The examination of feces is usually not of value, since cases of intestinal 
tuberculosis are extremely rare. However, in patients with the acquired 
immune deficiency syndrome (AIDS) acid-fast stain and cultures of feces may 
be necessary for the efficient detection of Mycobacteria (Hart and Sutherland, 
1977). M. TB can be cultured from specimens for definitive diagnosis. 
Mycobacteria have an extended generation time (20 - 22 hours) when 
compared with those of common bacterial species (40 - 60) which may 
appear in respiratory tract specimens. Therefore, Mycobacfena may be 
rapidly over grown by other contaminating bacteria if the latter are not 
inhibited. Also, bacteria waste products may accumulate in the medium and 

potentially inhibit the growth of Mycobacfena. 



The high lipid content of Mycobacterial cell walls provides more resistance to 
strong acids and alkalis than is found with other bacteria. This resistance has 
promoted the development of decontamination procedures used to eliminate 
most common bacterial flora while maintaining the viability of Mycobacteria. 

A number of alkaline digestion, decontamination solutions are commonly used 
for eliminating bacteria from contaminated specimens. Sample treatment with 
NaOH kills other contaminating bacteria but does not kill the M. TB present 
because M. TB is resistant to alkaline compounds by virtue of its lipids layer. 

2.16.1: Growth Requirement 

Myobacteria are among the least fastidious of the pathogenic 
microorganisms. Growth requirements on artificial media include potassium, 
magnesium, phosphorus and sulfur. Nitrogen requirements are supplied by 
ammonium salts or whole egg ingredients and carbon requirements are 
supplied by glucose or glycerol. Mycobacteria grow best in a pH range of 6.5 
to 7.0.The bacteria is strict aerobe and require proper aeration for the 
elaboration of certain enzymes and pigments. A GO 2 concentration from 5% 
to 10% is necessary for the primary recovery of Mycobacterium tuberculosis 
and other Mycobacteria. Carbon dioxide is slowly produced during growth of 
the culture; however, a CO 2 atmosphere is required for the firet 3 to 4 weeks 
of incubation. Optimum culture conditions for M. tuberculosis also include a 
relatively high humidity and an incubation temperature of 35“ to 37° C. 

Four different types of traditional culture media used for the recovery of 
Mycobacteria are shown below and incfude egg-based, agar-based, liquid and 


selective media. Egg-based media include the following ingredients: whole 
eggs, potato flour, salts, glycerol and varying concentration of malachite 
green, an inhibitory dye. This medium type does not contain agar but is 
solidified by heating to 85° to 90°C for 30 to 45 minutes (inspissations). 

The selection of media for the recovery of Mycobacteria is important. Most 
laboratories chose a combination of traditional egg-based, agar-based and /or 
selective media for the optimal recovery of Mycobacteria. Although many 
combinations exist, an optimal one would include L-J, 7H9 and S7H11 
medium, the BACTEC-460, Middlebrook 7H12 and Souton’s medium. 
Because most species of Mycobacfer/a, including M. tuberculosis, grow 
slowly, 4 to 8 weeks may be required before growth is detected. Aithough M. 
tuberculosis may be presumptively identified on the basis of growth time and 
colony pigmentation and morphology, a variety of biochemical tests have 
traditionally been used for identification of Mycobacteria isolates. In today’s 
laboratories, the use of iiquid media with radiometric growth detection (e. g. 
BACTEC-460) and the identification of isolates by nucleic acid probes or high- 
pressure liquid chromatography of mycolic acids have replaced the traditional 
methods of isolation on solid media and identification by biochemical tests. 
These new methods have decreased the time required for isolation and 
speciation upto 2 to 3 weeks other systems for culture on liquid media non- 
radiometric detection have become available. 

The commonly used automated technique, the BACTEC system developed by 
Johnston Laboratories Cockeysville, MD for rapid detection of Mycobacterial 


growth in clinical specimens used liquid Middle Brook 7H12 medium 
containing labeled palmetic acid for the radiometric detection of 
Mycobacterial growth. The label is evolved as during growth and 
respiration. When the Mycobacterial growth reaches a predetermined growth 
index of 10, as determined by the amount of ’"‘COa evolved; a positive result 
is recorded by the BACTEC system. M.TB growth can be detected in 9-16 
days vs 4 - 6 weeks using conventional media. The presumptive diagnosis is 
commonly based on diagnosis of Mycobacteria based on finding of AFB 
(Acid-fast bacillus) on microscopic examination of diagnostic specimens. The 
presence of AFB does not provide information concerning the identification or 
viability of the organism, since all species of Mycobacteria are acid-fast. 
(Textbook of Bacteriology. 2005; Minnikin et ai, 1984). Most modern 
laboratories are processing large numbers of diagnostic specimens using two 
acid-fast control-fuchsin methods, including the Ziehl-Neelson (Z-N) and 
Kinyoun procedures and a fluorochrome method using auramine o or 
auramine- rhodamin dyes. 

2.16.2: Diagnosis 

Purified Protein Derivative (PPD) skin testing: PPD is most widely used as 
screening for W. tuberculosis infection and it is performed as the tuberculin or 
Mantoux test. Skin Testing is performed as the tuberculin or Mantoux test. 
PPD is employed as the test antigen in the Mantoux test. PPD is generated by 
boiling a culture of M. TB, specifically old Tuberculin (OT). 5 TU (tuberculin 
units), which equals 0.0001 mg of PPD in a 0.1 ml volume is subcutaneously 
injected in the forearm. The test is read within 48-72 hours. The test is 


considered positive if the diameter of the resulting lesion is 1 0 mm or greater. 
The lesion is characterized by erythema (redness) and swelling and induration 
(raised and hard). 90% of people that have a lesion of 10 mm or greater are 
currently infected with M. TB or have been previously exposed to M. TB 100% 
of people that have a lesion of 15 mm or greater are currently infected with M. 
TB. or have been previously exposed to M. TB (Kenneth Todar, Bacteriology. 
2005). The test is of limited value in the diagnosis of active tuberculosis 
because of its low sensitive and specificity. 

Sensitization with nontuberculous bacteria leads to false-positive results and 
the test is difficult to interpret. A positive tuberculin test may be due to active 
tuberculosis, past infection, BCG vaccination or sensitization by 
environmental Mycobacteria. Therefore, this test is more helpful in places 
where BCG vaccination is no longer used effectively (Garg et al. 2003). 

False negatives are more rare than false positives but are especially common 
in AIDS patients as they have an impaired CMI response. Other conditions 
such as malnutrition, steroids, etc., can rarely result in a false negative 
reaction. Recently, a recombinant antigen (DPPD) encoded by a gene unique 
to the M. tuberculosis complex organisms proves to be better than PPD in the 
Mantoux test (Campos-Neto et al., 2001). It can facilitate a more specific 
diagnosis of tuberculosis since the DPPD gene is not present in 
nontuberculous bacilli. 

A number of nontraditional diagnostic tests have been evaluated as 
adjuncts to above mentioned traditional standard laboratory diagnosis. The 


most thoroughly investigated is based on a number of Mycobacterial 
proteinaceous (ESAT-6, 14kDa, MPT63, 19kDa, MPT64, and 38kDa) and 
non-protienaceous antigens (Trehalose based glycolipids like cord factor, 
trehalose-6, 6’ dimycolate, acytrehaloses and phenolglycolipids) and detection 
of antibody MycobacterisA antigens in specimanse of involved sits (e. g. 
sputum for pulmonary, CSF for tuberculous meningitis, pleural fluid and 
biopsy samples for pleurai disease) and also in bone marrow and liver 
biopsy,(Daleine, 1995; Garg et ai, 2003). This serological diagnosis has 
generally not been sufficiently sensitive to be clinically useful. It has been 
difficult to develop an ELISA utilizing a suitable antigen because M. 
tuberculosis shares a large number of antigenic proteins with other 
microorganisms that may not be pathogenic. Nonspecific tests, such as the 
measurement of adenine deaminase in pleural fluid, have been evaluated but 
have not gained acceptance. 

Recently, the y-interferon assay was assessed as a potential candidate to 
replace the Mantoux skin test. The assay was evaluated in groups of 
immigrants, health-care workers and M. tuberculosis and M. av/t/m complex 
MAC patients. The efficacy of the Mantoux test in cases effective tuberculosis, 
and it detected three of the seven cases of MAC colonization (Bellete et al, 
2002). New generation of diagnostic test that are based on molecular biology 
techniques are helping to rectify existing flaws In tuberculosis diagnosis but 
tend to be too costly for use in low-income setting. The approaches based on 
molecular biology for tuberculosis diagnosis includes branched DNA, Signal 
amplification (Vareidziz, 1994), Strand displacement amplification (SDA) 







(Wolinsky and Schaefer, 1973; Walker et ai. 1992), Polymarese chain 
reaction (PCR) (Pottumarthy et al, 2000; Mileier et ai, 1994; Altamirano et 
ai, 1992; Eisenach et ai, 1990; Verbon et ai, 1990; Hance et ai, 1989), 
Ligas chain reaction (LCR) (Jacob et ai, 1993; De Wet ef ai, 1987), DNA 
amplification. Transcription mediated amplification (TMA) (Jonas et ai, 1993, 
Gladwin et ai, 1998), and utilization of constructed Reporter Mycobacterium 
phage (Jacob et ai, 1 993; De Wet et ail 987). 

2.16.3: Prevention 
BCG vaccine 

In 1908, Camille Guerin and Albert Calmette initiated their attempts to 
produce an anti-TB vaccine from a virulent bovine strain. In 1921 , vaccination 
with BCG, an attenuated vaccine, was introduced (Sakula, 1983). The 
efficiency of the BCG vaccine has been questioned since its early use and 
therefore, a large number of trials have been carried out to determine its 
efficacy. In these studies it was found that, the BCG vaccine protected 
efficiently against leprosy (Fine and Rodrigues, 1990) as well as childhood 
manifestations of TB (disseminated TB) (Rodrigues et ai, 1993). However, 
the protective efficacy against pulmonary TB was limited (Tuberculosis 
Research Centre (ICMR), Chennai, 1999). 

Many hypotheses have been suggested to explain the low protective efficacy 
of BCG against pulmonary TB. These hypotheses include inappropriate 
treatment and storage of the vaccine, the use of different strains of BCG 
(Fine, 1995), and lack of an effective stimulation of the optima! blend of T cell 
populations and in particular that of m CD8^ T cells (Hess and Kaufmann. 


1999). In addition to these hypotheses, the currently used intradermal route of 
immunization has been suggested as another factor influencing the capacity 
of BCG to induce optimal immunity in the lungs. In this regard, (i. n.) route of 
immunization has recently been evaluated as a possible route for BCG 
delivery, in mouse experimental models. Results from this study showed a 
high degree of protection against challenge with M. tuberculosis in BALB/c 
mice, following BCG vaccination (Falero-Diaz et al., 2000). In a similar model, 
vaccination with BCG conferred as good, if not better protection than 
subcutaneous (s. c.) route, against challenge with virulent M hovis (Lyadova 
efa/., 2001). 

2.17.3: Prospects for new vaccines 

Given the limitations of BCG in protection against adult pulmonary TB, there is 
a considerable scope for improved vaccination strategies. Immunological 
research has a key position in understanding the pathogenesis of TB, and 
thereby in developing novel designs for effective prophylactic vaccination, 
immunodiagnostic tools and immunotherapeutic agents. Two approaches 
have been considered for vaccine development. One involves the 
replacement of BCG by a more potent vaccination inducing immune 
responses capable of either complete elimination of the bacilli, or of reliable 
containment of persistent infection. 

The second approach involves the post-exposure vaccination to boost 
immunity in individuals whose natural immunity has already been primed by 
infection or BCG vaccination (Young and Stewart, 2002). Indeed, over the 
past decade research efforts have been directed to evaluate potential vaccine 


candidates as well as alternative routes of vaccine delivery, such as the i. n. 
route, in order to improve protection, 

2.16.4: New vaccine candidates 

A wide range of potential vaccine candidates have been generated and 
subjected to tests for protective efficacy in experimental model of infection. 
New vaccine candidates include live attenuated vaccines, subunit vaccines 
and DNA vaccines. 

2.16.5: Live attenuated vaccines 

Advances in the techniques required to genetically modify Mycobacteria, as 
well as the increase in the knowledge of the pathogenesis of the 
microorganism, have made possible to delete genes encoding for potential 
virulence factors in M. tuberculosis, thereby enabling the generation of 
attenuated mutants. In addition to attenuated strains of M. tuberculosis, 
natural attenuated Mycobacteria, such as M. vaccae and M. microti, are being 
studied as possible vaccine candidates (Nor and Musa, 2004). Another 
approach has been the improvement of the BCG immunogenicity by the 
addition of genes encoding cytokines, such as IFN-y (Murray et a!., 1996) or 
Mycobacterial proteins, such as the antigen 85 complex (Ag85) (Horwitz et ah, 
2000 ). 

Although encouraging results have been obtained in challenge experiments 
(Horwitz et ai, 2000; Smith et al., 2001), a major consideration for the clinical 
use of live vaccines is safety, specificity when considering TB vaccination 
strategies for AIDS patients. 


-W 



2.16.5.1: Subunit vaccines 


Subunit vaccines are currently the most widely studied. This type of vaccine 
has been focused in particular on proteins present in filtrates prepared from in 
vitro cultures of M. tuberculosis, although non-secreted antigens have also 
been shown to induce protective responses in experimental studies (Coler et 
a/., 2001; Skeiky ef a/., 2000). 

The most extensively studied antigens are members of the Ag85 complex, a 
family of mycolyl transferases enzymes involved in cell wall biosynthesis and 
present in culture filtrates (Belisle et ai, 1997). The Ag85 has been reported 
to induce strong activation of T cells in several studies (Andersen et ai, 1995; 
Mustafa et ai., 1 998). Other antigens being studied are: 

(i) Early secreted antigenic target (ESAT-6), which has been reported to be 
absent from all BCG vaccine strains and to induce very strong T cell and 
antibody responses (Brodin et ai., 2004). 

(ii) Heat-shock proteins (HSP), such as HSP-65 and HSP-70, found to induce 
a prominent immune response at both, the antibody and the T cell levels 
(Silva, 1999). 

(iii) PstS-1 (38 kDa protein), a glycoprotein exposed on the surface of the 
bacillus and reported to be a powerful B and T cell antigen (Bothamley et 
a/,, 1992; Lefevre ef a/., 1997). 

(iv) 19 kDa protein, a lipoprotein found to induce the expression of IL-12 and 
iNOS inmonocytes and dendritic cells through its binding to TLR2 
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(Brightbill et a!., 1999;Thoma- Uszynski et ai, 2000) and to promote 
neutrophil activation (Neufert et ai, 2001 ). 

A limiting factor of the subunit vaccines is the need of adjuvant for vaccine 
delivery. Currently research studies are focused on the choice of which 
adjuvant to use and whether immunomodulatory, such as cytokines, should 
be used. Despite this drawback, subunit vaccines based on recombinant 
protein antigens are attractive because the techniques for production are 
established and this type of vaccine is expected to satisfy the regulatory 
requirements for use in humans more easily than the live vaccines. 

2.16.5.2: DN A vaccines 

Administration of naked DNA has the potential of eliciting both, cellular and 
humoral immunity against encoded antigens. Several Mycobacterial antigens, 
including the PstS-1 , HSP-65 and the Ag85 have been studied and found to 
induce protection in animal models (Bonato etai, 1998; Fonseca et ai, 2001; 
Huygen etai, 1996). Although the results are promising, concerns about the 
safety of DNA vaccination have been raised, mainly regarding the possibility 
of DNA integration into the host genome affecting oncogenes or tumor 
suppressor genes and thereby inducing the development of cancer. However, 
the risk of integration has been reported to be low under a variety of 
experimental conditions (Manam ef a/., 2000; Martin ef a/., 1^9). 

2.16.5: Experimental animal models in TB 

Discussions about the value of experimental animal models in TB research 
have a longstanding history. Experimental animal models are critical for 


delineating the general mechanisms underlying natural resistance, and 
acquisition of a protective immune response against TB. However, 
assessment of this Information using experimental animals should be 
conducted carefully since there are differences in the host defense 
mechanisms between experimental animals and humans. 

Many experimental animal species such as mouse, guinea pig, and non- 
human primates, have been used for deciphering the mechanisms involved in 
TB. The mouse, without doubt, is a very sophisticated and cost-efficient 
model. The immune response of the mouse is very well understood, and 
reagents such as monoclonal antibodies against surface antigens and 
cytokines are available. More importantly, the genetic manipulation of this 
species is highly advanced. Trans gene expression, gene knockout, gene 
knock-in have all become standard technologies, and a large variety of mouse 
mutants with defined immunodeficiencies are available to researchers 
studying the role of distinct cells and effector molecules in the in vivo setting 
of TB. Moreover, the recent elucidation of the murine genome promises to 
open a new area of research with enormous impact on our understanding of 
genetic disorders and also of host mechanisms in TB (Kaufmann, 2003). 

It is now well evident that tuberculosis poses a significant health rate threat to 
mankind. Multidrug resistant strains are on the rise, and Mycobacterium 
tuberculosis infection is often associated with human immunodeficiency virus 
infection. Satisfactory control of tuberculosis can only be achieved using a 
highly efficacious vaccine. 
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Currently, two main vaccination strategies are being pursued. The first 
strategy uses subunit vaccines in the form of protein-adjuvant formulation, 
naked DNA, or recombinant bacterial or viral carriers that express defined 
antigens. Promising results have been obtained, but so far no vaccine 
candidate tested in animal models has proven to be better than BCG. The 
second strategy, comprising viable Mycobacterial vaccines, either attenuated 
viable M. tuberculosis or BCG, or recombinant BCG over expressing certain 
antigens or immunomodulatory, is also being pursued and shows promise. 
Recently the attentions have been focused on secretoty protein antigens of 
Mycobacterium, which are synthesized by the actively growing M tuberculosis 
culture and to induce the desired immune response (Anderson and Heron, 
1993; Anderson, 1994). These proteins have also been termed as culture 
proteins and known to elicit strong immune reaction in humans and animals 
infected with M. tuberculosis/ M. bovis (Anderson et al., 1991 b; Orme ef a/, 
1992; Romain ef a/., 1993; Anderson, 1994). 


As a result of the combined efforts of several laboratories, more than 30 
secretory proteins of M. tuberculosis have been characterized, (Andersen et 
al, 1991; Anderson, 1994, Kamath ef a/., 1999; Sonnenberg and Belisle, 
1997; Karin ef a/., 1998; Gennaro, 2000; Kanaujia ef a/., 2004; Spencer ef a/.. 



2004; Young ef a/., 2004; Sable ef al, 2005). These proteins are known to 
elicit strong immune reactions in humans infected with M. tuberculosis / M. 
bovis (Anderson ef al, 1991; Orme ef al, 1992; Romain ef al, 1993; 
Anderson 1994; Ingrid ef a/., 2000; Sable ef a/,, 2005). 




The secretory proteins have been demonstrated to be strongly recognized by 
T-cells isolated from human (Tuberculosis) TB patients (Orme, 1996; Spencer 
et bL, 2004) as well as mice and cattle experimentally infected with 
tuberculosis (Anderson and Heron, 1993; Pollock and Anderson, 1997, Lanbo 
et ai, 2004). Experimental work in animal models suggests that both CD 4 ^ 
and CD 4 ‘*' T cells are required for optimal protection against tubercle bacillus 
(Orme et ai, 1992; Bonato et at., 1998; Flynn et ai, 1992; Pais et ah, 1998, 
Spencer ef a/., 2004). 

These proteins have been the focus of much of the research directed at 
identifying antigens that induce protective immunity or those that elicit immune 
responses of diagnostic value (Aub et al., 2000; Lein et ai, 1999; Young et 
ai, 2004; Paolo et al., 2004). 

The recent identification of novel secreted proteins of M. tuberculosis open 
the way to studies on their immunological characterization of these protein to 
define their potential for immonological diagnosis of tuberculosis or vaccine 

design. 

A few numbers of secretory antigenic protein and peptides from M. TB have 
already been evaluated as antigens for the immunodiagnosis of tuberculosis. 
In an effort to develop more accurate diagnostic tools, and suitable vaccine 
the present research program is aimed to assess the diagnostic and 
preventive potential of certain secretory candidate proteins. 


The M. tuberculosis culture filtrate, which contains as many as 200 proteins 
(Remain et a!., 1993; Ingrid et al., 2000), has been investigated by means of 
protein purification by immunological methods, and by screening of 
expression libraries of M. tuberculosis DNA with anti-culture filtrate sera 
(Wolinsky and Schaeferm, 1973; Ginsberg, 1998; Grange and Laszio, 1990; 
Bothemley et al., 1991; Altamirano etai, 1992; Sorensen etal., 1995; Mileler 
ef af., 1994; Bellete ef a/., 2002). 

The early secretory antigenic target (ESAT)-6, purified protein and peptides 
from Mycobacterium tuberculosis have been already under evaluation as 
antigens for the immunodiagnosis of tuberculosis (TB). Some important 
antigens, the (38 KDa, 30/31 KDa, 40 KDa, 42 KDa, SOD, 30 KDa MSP, 85B, 
ESAT-6, and CFP10) molecules, have been found to be secreted by 
Mycobacterium tuberculosis (Roberts et al., 1995: Ulrichs et al., 1998; 
Gennaro, 2000: Smith, 2003: Spencer ef al., 2004). These Mycobacterial 
antigens are already under process in various laboratories to use as markers 
for tuberculosis diagnosis by using ELISA and other non-traditional diagnostic 
technology. 

As we are aware of effect that one of the main objectives of the research in 
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the fi^d of Mycobacteriology is the development of new methods that will 
improve and expedite the diagnosis and treatment of tuberculosis and other 
Mycobacterial infections. Some forms of tuberculosis are difficult to diagnose 
by the available routine diagnostic mettiods. In spite of new technologies, no 
reliable new serological test has been developed for the diagnosis of 


tuberculosis. No reports are available on the diagnostic and protective efficacy 
of low molecular weight M. TB secretory proteins for patients suffering with 
TB. Therefore present research has been investigated for identification of low 
molecular weight Mycobacterial antigenic secretory proteins and development 
of immunodiagnostic tool for detection and diagnosis of tuberculosis. 

The study has been focused towards the following properties with special 
attention- High sensitivity, High specificity, Reproducibility and Stability. 

This will be simplify the effort towards the development of more efficient 
immunodiagnostic system, effective vaccine and immunotherapy for the 
prevention and therapy of tuberculosis although diagnostic system based on 
diverse native epitopes are developed but a continuous effort is required to 
further evolve more and more efficient diagnostic tools. 

Research design to apply isolated and screened low molecular weight 
secretory proteins with special reference to immunoprophylactic activity and 
development of a novel diagnostic tool, by using searched antigenic low 
molecular weight secretory protein to detect anW- Mycobacteria antibodies by 
various possible designed tools in the form of Tri Dot/ ELISA/ Bi Spot/ 
Immuno-chromatography, finally the developed diagnostic product will be 
evaluated to find out its applicability and acceptability under following: 
Sensitivity, Specificity, and Feasibility in the field and immune protective for 
subunit vaccine. 
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The present study was undertaken to identify and purify the immunoreactive 
low mass of secretory proteins of M. tuberculosis and to study their immuno 
protective potential against experimental tuberculosis for the development of 
safe and effective vaccine and also to explore the potential of some of these 
protein antigens for the development of effective diagnostic tool. 

OBJECTIVES 

1) To optimize the conditions of harvesting of culture filtrate proteins for the 
isolation of secretory proteins of M. tuberculosis. 

2) To purify major secretory proteins of M. tuberculosis using 
chromatographic and electrophoresis techniques. 

3) To optimize and standardize the conditions for perfoming ELISA to titrate 
the antibody / antigens of M. tuberculosis. 

4) To study the cellular and humoral response elicited by the purified 
antigens of M. tuberculosis. 

5) To study the protective efficacy of most immunoreactive secretory proteins 
of Mycobacterium tuberculosis against M. tuberculosis infection in mouse 
model. 

6) To obtain a cocktail of secretory proteins as antigens relevant for 
serodiagnosis, since no single antigen is known to represent whole 
tuberculosis population. 

7) To develop simple, and more reliable methods for diagnosis of pulmonary 
as well as extra-pulmonary tuberculosis. 






4.1.1: Chemicals used 

All chemicals, media, dye and stains used throughout the study were obtained 
from standard companies and were of AR / LR grade high quality pure 

4 

chemicals. Briefly some of the chemical used were Acrylamide (Sigma), 
Arginine (s. d. fine). Acetic acid (s. d. fine). Ammonium persulphate (Sigma), 
Ammonia (Sigma), Bromophenol blue (Sigma), Bis-acrylamide (Sigma), 
N,N,N’,N’-Tetramethylethylene diamine (Sigma), SDS (Sigma), 
Mercaptoethanol (Sigma), Brilliant blue-R (Sigma), Methanol-LR (s. d. fine), 
Silver Nitrate (Qualigens fine). Formaldehyde (Qualigens fine). Citric acid 
(Qualigens fine). Sodium chloride (Qualigens fine). Glycine (Qualigens fine). 
Bovine Serum Albumin (Genei),3,3’, Diaminobenzidine (DAB) (Sigma), Nickel 
chloride (Qualigens fine), di- sodium phosphate (Merck), Sodium dihydrogen 

^ phosphate (Merck), Sodium acetate (s. d. fine). Glycerol (s. d. fine), 

Nitrocellulose transfer membrane (Pall Scientific, USA), Goat Anti- human 
IgG-HRP conjugate (Genei), Tween 20 (Sigma), Cupric sulphate (Qualigens 
fine), Casien digest (CD), Amicon membrane (Pail Scientific, USA), DEAE- 
Sepharose (Pharmacia), Protein molecular weight standards Marker 
(Amershan pharmacia biotech), HRPO-Anti-rabbit IgG conjugate (Dako, 
USA), Glucose (Qualigens fine), Colour substrate solution (Bangalore Genei), 
7H9 medium (Difco USA), Sauton’s Medium (Qualigens fine), Growth 
supplement pyruvate (Qualigens fine). Asparagine (Himedia), Tricine (Merck). 

% 4.1.2: instruments /Equipments used 

Shaker, Vacuum pump. Fume hood. Freezer, Ultracentrifuge, Table top 
centrifuge, Electrophoresis unit. Western blot unit, Spectrophotometer, ELISA 
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reader, Chromatography Columns, Ultra filtration assembly, BOD Incubator 
and CO2 Incubator etc. 

4.1.3: Bacterial Strain 

Mycobacterium tuberculosis H37RV (ATCC-27294) was obtained in frozen 
form (2x10® cfu/ml) from Dr V. M. Katoch, Director, Central JALMA Research 
Institute for Leprosy, Agra, India, on an LJ slant. This strain was further grown 
in one Litre of Sautons’ media at 37°C for 50 days till late log phase. The 
growth was collected by centrifugation at 4°C, 10,000g for 20 minutes and 
pellet was suspended in 1 00 ml of PBS (pH 7.2) to wash the bacterial pellet. 
Harvested cells were resuspended in physiological saline and adjusted to 
opacity of 1 .0 Mac Farland and transferred to sterile eppendroff tubes in 1 .0 
ml quantity and stored at -70°C till further use. 

4.2: Culture of Bacteria and Measurement of Protein Secretion 

All the procedures were conducted within a Biological Safety Cabinet class II, 
and class III Laboratory. 

4.2.1 : Media Preparation 

Media used for maintenance (LJ medium slants) and growth (sautons 
medium)ofM.fuberct//os/sH37Rvwaspreparedasunder;- 

(a) Lowenstein Jensen (LJ) medium (Jenseni 932) 


m 


(i) Mineral salt solution 


Ingredient Quantity 

Potassium dihydrogen phosphate (anhydrous) 2.4g 

Magnesium Sulphate 0.24g 

Asparagine 3.6g 

Glycerol 12.0 ml 

DH 2 O 600.0ml 


The above ingredients were dissolved by heating and autoclaved at 121°C for 
15 minutes. 

(ii) Malachite green solution 

A two percent solution was prepared in sterile distilled water by dissolving the 
dye at (37°C) for 1-2 hrs. 

(iii) Preparation of complete media 


ingredient Quantity 

Mineral salt solution 600.0 ml 

Malachite green solution 20.0 ml 

Egg yolk 1000.0 ml 


For preparation of media all ingredients were sterilized. Eggs were taken fresh 
(not more than 7 days old) and washed with clean distilled water and dried 
with Whatman No. 1 filter paper. Eggs were cracked with a sterile scalpel in a 
conical flask having glass beads. Beaten eggs were filtered through 3-mm 
cotton gauge. The complete medium was mixed and distributed in 10-ml 
screw capped bottle and screwed tightly. Bottles were laid horizontally in an 
inspissator and heated at 80°C for 1 hr. Process of heating was repeated for 
two more subsequent days. 
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(b)Sautons Liquid medium (Sautons-1912) 


Ingredients 

Quantity 

Ferric ammonium citrate 

0.05g 

Potassium dihydrogen phosphate 

0.5g 

Magnesium sulphate 

0.5g 

Citric acid 

2.0g 

Asparagine 

4.0g 


Dissolved all salts in 200 ml of distilled water by heating at 70°C, pH was 
adjusted to 7.2 using 6.7 ml 5M NaOH, after addition of 60 ml of glycerol, 
volume was adjusted to one litre. The medium was autoclaved at 121°C for 15 
minutes. 

The entire flasks and other glassware were sterilized in a hot air oven at 
1 60°G for 2 hours before being used. 

4.2.2: Cultivation for harvesting of protein 

Mycobacterium tuberculosis H37RV was Inoculated by loop (roughly 10 mg 
moist weight of bacteria) in to 250 ml of Sautons medium (Sauton, 1912) in 
500ml flask. The flask was kept at 37°C in stationary condition and grown for 
5-6 weeks (mid log phase). The bacterial growth was monitored 
spectrophotometerically by measuring at O. D. Asso nm against Phosphate 
buffer (lOmM, pH-7.2). 


4.2.3: Protein yield during growth 


The culture (5.0ml) was collected after every 48 hours till 6 weeks for 
estimation of total protein content in the supernatant, For this the culture was 
centrifuged at 12,000 rpm for 30 minutes at 4°C supernatant was collected & 
sterile filtered. Supernatant was inactivated by formaldehyde (O.lpg/ml. The 
protein content was determined at Aaso by spectrophotometer. 

4.2.4: Analysis of protein profile by SDS-PAGE 

The protein profiles of total culture filtrate and in different fraction obtained 
from column chromatography were analyzed by SDS-PAGE (sodium dodecyl 
sulphate polyacrylamide gel electrophoresis) as described by Lammeli (1970). 

4.2.4. 1 Reagents 

- Polymerizing (Acrylamide solution (30%)) 

The solution was prepared by dissolving 29.2 gms of acrylamide (Sigma) and 
0.8gm of N, N-methylene-bis acrylamide in 100ml double distilled water in 
brown bottles and stored at room temperature till use. 

- Resolving / separating gel buffer 

Solution was prepared by dissolving 27.23 gm of Tris buffer in 80 ml of double 
distilled water; the final pH was adjusted to 8.8 with 1 N HCI and volume was 
made to 150ml with double distilled water. It was stored at 4°C till use. 

- Stacking gel buffer 

This solution was prepared by dissolving 6.0 gm of Tris buffer in 60 ml double 
distilled water and adjusted the pH to 6.8 and made the final volume to 100 ml 
with double distilled water and stored at 4 till use. 
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- Sodium Dodecyl sulphate solution 

The solution was prepared by dissolving 1 .0 gm of sodium dodecyl sulphate in 
1 00 ml double distilled water and was stored at room temperature. 

I 

- Ammonium persulphate (10%w/v) solution 

Dissolved 1 0 mg of ammonium persulphate in 1 .0ml distilled water and stored 
at4°C. 

Sample buffer: 

Sample buffer was prepared by mixing T ris HCI (1 .0ml), Glycerol (8.0ml), 1 0% 
SDS (1.6ml) and p-mercaptoethanol (0.4ml). The solution was stored at4 °C. 

- Tris Glycine (running buffer) 

The solution was prepared by mixing 0.1% SDS solution in 0.025 M HCI 
buffer (pH8.3) containing 0.192 M Glycine. 

* - Staining solutio: 

0.2% solution of Coomassie blue was prepared in solution containing 
methanol, glacial acetic acid and water in a ratio of 5:1 :4. 

- Destaining and fixing solution 

The solution was prepared by mixing methanol: acetic acid: distiiled water in a 
ration 2:1:7. 

4.2.4.2: Recipe for separating gel 

The separating gel solution of different strength for mini gel was prepared as 
% shown in table below using above-mentioned reagent. 
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Separating gel of different strength 


Stock 

5% 

6% 

7% 

7.5% 

8% 

9% 

10% 

12% 

13% 

15% 

Polymerizing 

solution 

2.5 

3.0 

3.5 

3.7 

4.0 

4.5 

5.0 

6.0 

6.5 

7.5 

Separating 
gel buffer 

3.65 

3.65 

3.65 

3.65 

- - 

3.65 

3.65 

3.65 

3.65 

3.65 

3.65 

Distilled HaO 

8.7 

8.25 

7.75 

7.5 

7.25 

1 

6.75 

6.25 

5.25 

4.75 

3.75 

SDS (10%) 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

1 

0.1 

0.1 

0.1 

i 

0.1 

APS (10%) 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

0.05 

TEMED 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 


4.2.4.3: Recipe for stacking gel 


Stock 

Volume (ml) 

Tris buffer (pH6.8) 

1.25 

Polymerizing 

1.0 

solution 


Double distilled 

2.7 

water 


SDS (10%) 

0.1 

APS (10%) 

0.05 

TEMED 

0.005 



4.2.5: Procedure 

The mini electrophoresis unit (BIO RAD laboratories) was used to cast and 
run SDS-PAGE. Briefly, the gel plates along with the spacers were fastened 
onto the gel-casting stand. Solutions for resolving / separating gel were mixed 
carefully and poured between the two plates, leaving sufficient space for the 
stacking gel (the length of the teeth of the comb plus 1 cm). The 12% 
acrylamide: bis-acrylamide mix was overlaid with water to prevent oxygen 
diffusion into the gel which otherwise inhibits polymerization. After the 
polymerization is complete, the overlay was poured off and top of the gel was 
washed with deionized water to remove any unpolymerized acrylamide. 
Stacking gel solution containing 5% acrylamide: bis-acrylamide mix was 
mixed and poured directly onto the surface of the polymerized resolving / 
separating gel. A thin Teflon comb was immediately inserted into the stacking 
gel solution being careful enough to avoid air bubbles. After the 
polymerization is complete, comb was removed and wells were washed with 
deionized water to remove unpolymerized acrylamide. The gel was mounted 
in the electrophoresis apparatus and Tris-glycine electrophoresis buffer was 
added to the top and bottom reservoirs. Protein samples were prepared by 
adding 2XSDS sample buffer in 1:1 ratio. The mixture was boiled for 5 
minutes at 1 00°C in and each well 40pl of sample containing 1 0-70 pg protein 
was loaded. Electrophoresis apparatus was attached to an electric power 
supply. The gel was run at constant current of 30mA for stacking gel and at 
40mA in separating gel until the bromophenol blue reaches the bottom of the 
resolving gel. After the gel was over glass plates were removed from the 
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apparatus. The gel was stained either with commassie brilliant blue or silver 
nitrate. 

4.2.5.1 : Commassie Staining Of SDS-PAGE gels 

Gels were dipped in the commassie brilliant blue staining solution and put on 
the orbital shaker for 1 hour. 

4.2.5.2: Destalning of SDS-PAGE-gels 

Staining solution was discarded and the gel was kept in distaining solution on 
an orbital shaker for 30 minutes. Distaining solution was changed 3-5 times or 
til! the protein bands becomes clear. 

4.2.5.3: Silver Staining of SDS-PAGE Gels 

For detection of fine protein bands and for assessing the purity of isolated 
proteins the gels were subjected to silver staining. For silver staining all 
procedure was performed by wearing gloves. 

For this, after the separation of proteins by electrophoresis the proteins were 
fixed by incubating for 2 hours at room temperature with gentle shaking in at 
least 5 gel volumes of a solution of ethanol: glacial acetic acid: water (3:1:6). 
The fixing solution was discarded, and 5 gel volumes of 30% ethanol were 
added and incubated the gel for 30 minutes at room temperature with gentle 
shaking. The step was repeated. Discarded the ethanol and added 10 gel 
volumes of deionised water. Incubated the gel for 30 minutes at room 
temperature with gentle shaking. This step was repeated thrice. 
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For staining 5 gel volumes of a freshly prepared 0.1 % solution of AgNOa was 
added and incubated the gel for 30 minutes at room temperature with gentle 
shaking. 

Discarded the AgNOa solution and washed both sides of the gel under a 
stream of deionised water. Added 5 gel volumes of a freshly made aqueous 
solution of 2.5% sodium carbonate, 0.02% formaldehyde. Incubated the gel at 
room temperature with gentle agitation. Stained bands of protein should 
appear within a few minutes. Quenched the reaction by washing the gel in 1 % 
acetic acid for a few minutes. Then washed the gel several times with 
deionised water. 

4.3.Purification of culture filtrate proteins 

4.3.1 .Extraction of culture filtrate protein 

M. tuberculosis H 37 RV grown for 6 weeks was used for isolation of proteins 
excreted in the culture filtrate. For, this the Mycobacterial cell mass was 
removed by centrifugation of total growth at 1 5,000 g. for 30 minute at 4°C in 
Beckman centrifuge. The supernatant was collected in 50 ml sterile tubes and 
stored at -20°C till further use. After collection of sufficient amount of culture 
filtrate, protein obtained from different batches and harvested at the same 
time point the filtrate was then subjected to precipitation by ammonium 
sulphate. For optimization of concentration of ammonium sulphate giving 
maximum yield of protein the culture filtrate supernatant was subjected to 
precipitation by different concentration of ammonium sulphate viz. 50%, 75%, 
and 80% of saturated ammonium sulphate. The precipitant was kept at 2-8*’C 
for overnight. Samples were than centrifuged at 1 8, OOOg for removal of 
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supernatant and collection of precipitated protein in the pellet. The yield from 
different precipitation method was determined by Bradford method (1976) and 
analyzed by SDS-PAGE. 


After optimization of harvesting and precipitation conditions, the culture 
supernatant was finally precipitated with 80% saturated ammonium sulphate 
at 4°C for overnight. 


The resultant precipitant was then centrifuged at 12,000 g., 18,000 g., 28000 
g., and 90,000 g. for 30 minute at 4 °C in an ultra centrifuge. The pellet was 
collected and dissolved in 1 0mM Phosphate Buffer (pH-7.2). The material was 
dialyzed (10 KDa membrane) against the PB (lOmM, pH-7.2). Buffer was 
changed every four hours, and was given six-seven changes of lOmM PB to 
ensure complete dialysis. Meanwhile, conductivity of dialysis buffer was 
checked on conductivity meter until it equals that of lOmM PB. The 
membrane was removed from the dialysis buffer and the protein was 
transferred to a fresh sterilized glass tube and kept at -20°C. The total protein 
was estimated by Bradford method (1976). 

4.3.1. 1. Preparation of Bradford Reagent 

Bradford Reagent 

Dissolved l OOmg of Coomassie Brilliant Blue (CBB) G-250 (Cat no. 500-001, 
Bio-Red Lab) in 50ml of 95 % ethanol. Then added 100ml of 85% phosphoric 
Acid. Further increased the volume up to 1 liter. The reagent was then filtered 
through Wattman Ho. 1 filter paper and stored at 4'’C till used. 



90 


BSA Standard stock Solution (0.5ma/ml] 

10 mg Of bovine serum albumin was dissolved in sterile distilled water with 
smooth stirring to prevent effervescence and finally the concentration of stock 
solution was adjusted to 0.5mg/ml having an absorbance of 0.33 at 280 nm. 
OthBr reagents and materials 

0.15 M Sodium Chloride (NaCI), microcuvattes, and 96- well microtitre plate. 

4.3.2. Protein concentration 

For loading the protein on column for purification of culture filtrate proteins the 
total protein obtained after precipitation (lOOmi) was further concentrated 
using Amicon ultra filtration assembly having 10 and 5 k Da cut off filters. The 
protein was concentrated under positive nitrogen pressure at 4‘’C with 
constant stirring for 1 8 hours. 

Finally the 5 ml concentrated volume was obtained after utrafiltration. The 
protein content was determined by Bradford method and stored at -20°C till 
further use. 

4.3.3. Purification 

Individual proteins from the total culture filtrate protein were purified using 
column chromatographic techniques. Briefly, DEAE-Sepharose CL-6B (anion 
exchange) was packed in the glass column having an internal diameter of 2.0 
cm and 20 cm in length. The gel (DEAE-Sepharose CL-6B) was equilibrated 
with 10 mM Tris HCI buffer (1.214 gm Tris in 1 litre of distilled water pH 8.7) 
containing 3 % methylcellose. The concentrated culture filtrate proteins were 
dialyzed against Tris buffer and 100 mg of it was loaded on the column that 
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was then left undisturbed at 4°C for 30 minutes for binding of the proteins to 
the gel matrix. The column was eluted with equilibrating buffer and the elutant 
was reloaded thrice to ensure the maximum binding of protein to the column 
and to remove the unbound protein from the gel which was then washed with 
the equilibrating buffer till the absorbance of the elutant was zero. 

The bound protein was then eluted from the column using 50-300mM NaCI 
linear gradient made in the equilibrating buffer, 1 25 fractions each consisting 
of 3ml were collected in sterile tubes. The absorbance of individual fraction 
was taken at 280nm on spectrophotometer using equilibrating buffer as blank 
and was then plotted against each fraction. The fractions of individual single 
peak were pooled separately in sterile 50 ml conical flask. The individual 
peaks were then concentrated using Amicon unit with 5kDa cut-off filter 
followed by dialysis against PBS overnight at 4°C to remove Tris salt. Protein 
content in each pooled fraction was determined by Bradford method and the 
protein profile was analysed by SDS-PAGE. 

4.3.3.1 .Purification of Individual Protein from the Pooled Fraction 

The proteins in different peaks were further isolated in pure form by eluting 
them from the SDS-PAGE. For this preparative gel of individual peak were 
run as described earlier. The individual protein band was then eluted from the 
gel as described ahead. After completion of gel run, a thin slice of gel was cut 
from one side and was subjected to silver staining meanwhile the remaining 
unstained gel was kept in moist petti plate at 4 ®C. The stained gel band was 
then kept adjacent to the unstained gel and individual bands matching to 
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single protein bands were cut with help of sharp surgical blade. The individual 
bands were kept in separate sterile tubes containing Tris buffer individual 
bands were broken into small piece and then kept overnight at 4 °C for elution 
of protein from the gel. Next morning the buffer containing the protein was 
aspirated and subjected to dialysis for removal of Tris salt. Individual sample 
(containing purified protein) was then subjected to SDS-PAGE for 
demonstration of pure bands. 

4.4.Selection of immuno reactive 

Using ELISA and Western blotting all the purified proteins were screened for 
the presence of antibodies against them in sera of confirmed tuberculosis 
patients. 

To ensure optimal results conditions for performing ELISA was optimized by 
conducting the assay by varying all variable (coating buffer, pH, substrate 
buffer, concentration of Ags and incubation time, temperature etc. 

4.4.1 .Standardization of Enzyme Linked Immunosorbent Assay (ELISA) 

ELISA is a very sensitive technique that measures very small quantity of 
antigen / antibody present in the sample. Also the assay is dependant on 
many variables and proper optimization of each variable is essential to obtain 
good results. Hence in the present study different variables of ELISA were 
studied and final evaluation of patient samples was done with the optimized 
conditions. 
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a) Coating buffer (Phosphate buffer, lOmM, and pH-7.2}: 


Ingredient 

Quantity 

Di-sodium phosphate 

1.70g 

Sodium dihygrogen phosphate 

1.20 g. 

DHzO 

1000.00 mi 


Buffer was prepared by dissolving the above-mentioned chemicals in 800 ml 
distilled water and adjusted the pH to 7.2. 


Different parameters studied were 


PARAMETERS STUDIED 

Variable used 

Coating buffer 

Effect of pH 

Ionic strength 

Phosphate, Sodium carbonate / bicarbonate 
pH 7.2, pH 9.5 

lOmM, 50mM, lOOmM and 200mM 

Blocking agents 

Strength 

Temperature 

Period 

Normal Rabbit serum. Bovine serum albumin & 
Casein 

1 .0 % either of three 

37 °C 

3 hours 

Coating of antigens 
Concentration 

Volume 

Incubation period 
Temperature 

2-5pg /well 

200ml 

3, 5, 12, 24 hour, and 0.1, 2, 3 hour 

4and37°C 

Optimization of conjugate 
Goat anti human IgG-HRP 
Time of stopping the Activity 
of conjugate 

Ratio of OD at 450 nm at 02-03 

05,10,15,20,25,30 minutes 
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b) Sodium carbonate/bicarbonate buffer 10mM, pH-9.5 


ingredient Quantity 

Solution A: - Sodium carbonate 10.5 g 

Solution B: - Sodium bicarbonate 8.4 g 

DH 2 O 1000.00 ml 


c) Blocking buffer: 

i) It was prepared by dissolving 1 %( w/v) BSA in 900ml of coating buffer, 
1 0mM, pH-7.2, made up the volume to 1 .0 liter with distilled water. 

ii) It was prepared by dissolving 1 %( w/v) Casein digest in 900ml of 
coating buffer, lOmM, pH-7.2, made up the volume to 1.0 litre with 
distilled water. 

I iii) It was prepared by dissolving 1 %( v/v) Normal Rabbit serum in 900ml 

of coating buffer, 10mM, pH-7.2, made up the volume to 1.0 litre with 
distilled water. 

d) Washing buffer (Phosphate butter, lOmM, pH-7.2): 

Dissolved the following chemicals in 800ml-distilled water. Water and adjusted 


the pH to 7.2, 

ingredient Quantity 

Di-sodium phosphate 1.70 g 

Sodium di hygrogen phosphate 1 .20 g 

Tween 20 0.1% 

DH 2 O 1000.00 ml 
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e) Preparation of conjugate: 

Dissolved 2K Goat anti human-IgG-HRP conjugate with 50% glycerol in 20ml 
of blocking buffer, 10mM, pH-7.2 and added the 0.1% of Tween 20. 

f) Preparation of primary Antibody (Positive TB patient sera) 

Positive TB sera diluted to 1:20 in 20ml blocking buffer and added the 
0. 1 %(w/v) of T ween 20. 

4.4.2. Generai Procedure for performing ELISA 

4.4.2.1 .Coating of Antigens 

The protein antigen was dissolved in coating buffer (10 mM PB, pH 7.2 and 
carbonate / bicarbonate buffer, pH-9.5) at a concentration of 2-5 pg / well and 
200 pi of this was coated on maxisorp polystyrene surface of 96 well ELISA 
microtitre plates and incubated at 4°C overnight. Thereafter, the unbound 
antigens washed from micro wells with phosphate buffer, 10mm, pH-7.2 - 
Tween -80 (400pl / wells). 

4.4.2.2. Blocking of immobilized antigens 

The unoccupied space in the wells was blocked with 400 pi of blocking (NRS/ 
BSA/ Casein) solution for 1 hour at 37 °C and then removed excess blocking 
solution by washing buffer (10 mM PB, pH-7.2) twice at room temperature. 
Finally, the coated plates were vacuum dried in a dessicator containing 
activated silica gel and kept at 4°G till use. 
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4.4.2.3. Addition of antibody / patient sera 

TB positive serum samples from patients, positive control, negative control 
(primary Abi) were diluted 1:20 in blocking buffer (10 mM PB, pH 7.2 with 
1.0% (w/v) BSA and 0.1% (w/v) Tween-20). 200 pi of these diluted sera was 
applied in duplicate to the wells and incubated at 37 °C for 1-3 hour. The 
unbound serum was then decanted and the wells of the micro titre plate were 
washed with washing buffer (10 mM PB, pH 7.2 with 0.1% (w/v) Tween-20) 
five times at room temperature. 

4.4.2.4. Addition of conjugate (Secondary antibody) 

Anti-human IgG-HRP (goat) / Anti Mouse IgG HRP (rabbit) conjugate at a 
1:1000 dilution in dilution buffer (lOmM PB, pH 7.2, 1.0% (w/v) BSA, 0.1% 
(w/v) Tween-20) was added in 200ml volume to each well and incubated for 2 
hour at 37 °C. After the incubation wells were washed 5 times with PB- 
Tween-80 Buffer. 

4.4.2.5. Addition of Substrate 

The peroxidase conjugate reaction with primary antibody was developed by 
adding 200 pi of TMB (10 mg/ml in Dimethyl sulphoxide) diluted with 1:100 
with 0.1 M citrate-acetate buffer, pH 5.6 containing 0.1% (w/v) of 30% 
HaOa.The plates were incubated at 35°C in dark for 30 minutes. The reaction 
was stopped by addition of 50ml of 5N H2SO4 immediately, after the color 
appeared in the control wells. 

The plate was then kept at 4°C and read at 450 nm. All determinations were 
done in duplicate. 
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4 . 4 . 3 .Western Blotting 


4.4.3.I. Reagents 

Etectroblotting buffer 920 mm Tris / 150 m M glycine, pH 8.0 

Added 14.5 g Tris base and 67 g glycine to 4.0 litres of double distilled water. 
Brought the pH S.O.Added 1200 ml methanol and made up the volume to 6.0 
litres with double distilled water. 

Blocking buffer (5 % Casein digest, hydrolysate) 

Dissolved 5 g. casein digest, hydrolysate in 1 00 ml phosphate buffered saline, 
10 mM, pH 7.2 

Wash Buffer (Phosphate buffered saline 1 0mM, pH 7.2) 


ingredient 

Quantity 

Di-sodlum phosphate 

1.70 g 

Sodium di hygrogen phosphate 

1.20 g 

Tween 20 

0.1% 

DH 2 O 

1000.00 ml 


Primary antibody 

1:50 Tuberculosis patient sera was used 
Secondary antibody (anti human IgG - Hoseradish Peroxidase conjugate) 
1 : 2.5 k strength of the conjugate was used. 
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Diaminobenzidine (DAB) substrate solution 


Ingredient Quantity 

3, 3’ - diaminobenzidine 50 mg 

1 % Ni CI 2 2 ml 

Phosphate buffered saline, 10 mM, ph 7.2 98 ml 

30%H202 0.1ml 


Selection of immunoreative protein among the purified proteins of M. 
tuberculosis was also made by western blotting by evaluating the ability of 
these proteins to be detected by the antibodies present in the sera of 
confirmed tuberculosis patients. 

4.4.3.2.Procedure 

Western blot of the purified proteins was performed as per standard protocol. 
Briefly, the purified proteins were run on 12 &15% SDS-PAGE and then the 
electrophoresed proteins were transferred to nitrocellulose membrane by 
trans-blotting. Nitrocellulose membrane was equilibrated with transfer buffer 
and kept over filter paper stack carefully, removing all the air bubbles. The 
SDS gel was then gently kept over the nitrocellulose paper. Another three 
sheets of filter paper were added on the top of the gel taking care that no air 
bubble was there. Blotting was conducted under constant electric current of 
100 mA for 2 hours to ensure all the protein bands are transferred. 

Finally, the blots were washed with PBS and soaked for 5-10 min in 0.2% of 
Ponceau S solution in PBS and incubated at room temperature with gentle 
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agitation. Transferred the nitrocellulose sheet to PBS and rinsed for 2rnin with 
several changes of PBS. Marked the position of transferred protein bands. If 
distinct bands were apparent, the membrane was blocked in blocking buffer 
(PBS with 0.1% Tween-20 and 5% Casein digest) for overnight at 4°C over an 
orbital shaker and then incubated in 10 ml 1:50 dilution of primary antibody / 
serum in dilution buffer (PBS with 0.1% Tween-20) containing 5% Casein 
digest for 2 hours at room temperature. At the end of incubation, the 
membrane was washed five times for 5 minutes each by agitating over an 
orbital shaker with 50 ml. of PBS with 0.1% Tween-20. HRPO-anti-human IgG 
conjugate (Dako, USA) was diluted 1:2500 in dilution buffer (PBS with 0.1% 
Tween-20) containing 5% Casein digest and membrane was incubated for 2 
hour at room temperature with constant agitation. At the end of incubation, the 
membrane was washed five times for 5 minutes each with 50 ml. of washing 
buffer and finally washed in 10 ml of 10 mM Tris-Cl (pH-7.5) for 5 minutes. 
The blots were then developed with 0.8 mM DAB (diaminobenzidine 
hydrochloride) (Sigma, USA) in the presence of 0.045% H 2 O 2 and 0.4 mM 
Nickel Chloride for 10-20 minutes till clear bands were visible. The membrane 
was kept in PBS to stop the reaction. 

4.5.Production of Polyclonal antibody to culture filtrate protein 

Polyclonal antibodies were raised in rabbit against total culture filtrate proteins 
(CFP) of M tuberculosis strain H37RV as under. 
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4.5.1. Preparation of antigen - IFA complex 

Antigen mixture for immunization was prepared as follows; 1 mg of protein in 
PBS (pH 7.5) was emulsified thoroughly with incomplete Freund’s adjuvant 
(IFA). The double hubbed needle method as suggested by Berlin and 
McKinney in 1968 was used for making immunogen preparation. The 
immunogen was prepared by mixing equal volume of reactive immunogen 
with incomplete Freund’s adjuvant (IFA). The emulsion was tested before use 
by putting one drop of emulsion over water. It remained intact, thereby, 
confirming that emulsion was ready for use. 

4.5.2.immunization of Rabbits 

Five rabbits (6 months old) were immunized by subcutaneous (500pl/Rabbit) 
injection. All animals were given booster on day 14 and 28 in IFA to enhance 
the antibody titer. The rabbits were bled after 14days after the last dose using 
a fine capillary tube. The orbital conjunctiva was ruptured with controlled hand 
pressure and blood was collected in a fresh tube and kept as such at room 
temperature serum was separated and subjected to purification. 

4.5.4.Purification of Antibodies 

Rabbit anti serum (5 ml) diluted to 50 ml in Tris-Hcl (0.1 M pH 8.2) was loaded 
on pre-packed protein A sepharose column XK16/20 (Amersham Pharmacia 
Biotech, Sweden) equilibrated with Tris-Hcl buffer (pH-8.2). Unbound proteins 
were washed with Tris-Hcl and the antibody bound to the affinity column was 
eluted with 0.1 M Glycine-HCI buffer (pH 2.5) at a flow rate of 1 ml/minute into 
4 ml fractions (Figure-8). The pH of the eluted fractions was adjusted to 7.2 
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using saturated Tris-Hcl buffer (pH 9.6). The protein content and purity of 
each fraction was monitored at 280 nm and 10% SDS-PAGE, respectively. 
Fractions containing purified antibody (IgG) were pooled, dialyzed against 
PBS buffer (pH 7.5) for 24 hours with two buffer changes at equal time 
intervals. Concentration of the protein was estimated using Bradford method. 
Finally, the antibody solution was lyophilized and stored at 4°C for further use. 


Elution of Protein (rabbit IgG) from Affinity column 



Figure 8: Elution profile of Ig G antibody from the affinity column 
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4.6.lmmunogenicity and immunoprotective studies 

All the purified secretory proteins were tested for their ability to: - 

- Induce significant humoral response for its use in sero diagnosis. 

- Induce significant cellular immune response for its possible role in inducing 
protective immunity against M. tuberculosis infection. 

4.6.1 .Selection of antigen(s) 

All the purified secretory proteins were screened for their immunoreactivity in 
mice as detailed below. 

Preparation of protein FiA complex 

For immunization, proteins (total culture filtrate protein) in phosphate buffer 
were mixed with equal amounts of incomplete Freund’s adjuvant (IFA). The 
water in oil emulsion was prepared by mixing the two phases until a thick 
emulsion formed. The resulting emulsion was then tested for its stability by 
placing a drop of it on to the surface of cold water and obsen/ing for the 
tendency of the drop to stay intact. The intactness of the drop on the water 
indicates that the emulsion is ready to use. 

Immunization Protocol 

Animal was immunized subcutaneously on day G,7 and 14 with the antigen 
complexed with IFA. The immunizing dose for total culture filtrate protein was 
100 mg / mice split in three dose i. e. 33.3 pg / dose. Following group (each 
consisting of 20 mice) were included to study the immunoreactivity of isolated 
secretory proteins. 
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Group 


immunized with 


I Mice immunized with total culture filtrate protein (CFP-IFA) 

II Mice immunized with live M. tuberculosis H 37 RV cells (1 x1 0® 
cells / animal) 

III Mice immunized with normal saline (NS-IFIA) 

immune Response (S) 

In the above-mentioned group both cellular and humoral immune responses 
were studied at weekly, post immunization intervals by ELISA (as described 
earlier), T-lymphocyte proliferation assay described later (Section 4.10.1). The 
pre and post immune sera from animal were obtained by bleeding from retro- 
orbital Venus plexus. 

4.7.lmmunigenicity of most immunoreactive secretory protein (MISP) - in 
IFA 


4.7.1 Preparation of Antigen 

Different concentration of most immunoreactive secretory protein (MISP) 
identified on from the above study was evaluated for its ability to induce 
immune (humoral and cellular) response. For this, three serial two-fold 
concentration i. e. 18.75 pg, 37.5 pg, and 75 pg were chosen for immunization 
to study the induction of immune response. The antigen was mixed with equal 
volume of IFA (1 :1) to obtain stable water in oil emulsion. 


Immunization Protocol 


Four groups (20 mice each) were subjected to the following treatments. 

Group immunized with 

I Mice immunized with 18.75 pg concentration of MISP in FIA 

il Mice immunized with 37.5 pg concentration of MISP in FIA 

III Mice immunized with 75.0 pg concentration of MISPin FIA 

IV Control group immunized with normal saline in IFA 

The antigen was administered in three equally dose on day 0,7 and 14 by 
subcutaneous route. 

Measurement of Immune Responses 

The immune response to purified antigen was measured at weekly post 
immunization intervals. Animal (4-5) from each group were bled for humoral 
response as studied by ELISA and sacrificed for cell mediated immune 
response studied by T-lymphocyte proliferation assay. 

Comparison of Immune response of most immunoreactive secretory 
protein (MISP) with the BCG Vaccine 

The immune response induced by the optimal concentration of MISP was 
compared with the responses in BCG vaccinated animals. For this, three 
groups of animals, consisting of 20 mice each were immunized with 
respective immunogen as given below: - 
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Immunized with 

Immunized with MISP in IFA in three doses on day 0,7& 14. 

Vaccinated with live BCG vaccine 1x10® cfu’s/mouse intravenously 
Control group immunized with normal saline-FIA 

Measurement of the Immune Response 

The cellular and humoral activity in the above-mentioned group was 
determined till the fourth week p. im. The immune responses were measured 
by ELISA, T-lymphocyte proliferation assay. 

4.8.lmmunoprotective Activity of MiSP against Experimental Tuberculosis 

To study the immunoprophylactic properties of MISP against experimental 
tuberculosis, animal were immunized as given below: ’ 

Group Immunized with 

I Immunization with (MISP)-FIA (75mg concentration of antigen) 

II Immunization with (MISP)-FIA (37.5mg concentration of antigen) 

III Immunization with (MISP)-FIA (18.75mg concentration of antigen) 

IV Vaccination with BCG vaccine 

V Control group immunized with normal saline-FlA 

The antigen was administered in three equally dose on 0, 7 and 14days by 
sub cutaneous route. Three weeks (21 days) after complete immunization, 
mice were challenged intravenously with LDso (3x10^ CPU’s / mouse) M 
tuberculosis H37RV and the following parameters were used to assess the 
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protection provided by immunization with different concentration of cocktail of 
secretory protein. 

4.8.1 .Percent Mortality / Survival 

Survival rate (alive Vs total) in immunized as well as control mice were 
observed up to 30 days post challenge (p. c.) and the data was evaluated 
using Chi square test. 

Enumeration of viable bacilli from infected organs 

Immunized / control mice infected with M. tuberculosis H37RV were sacrificed 
in a group of 3-5 by cervical dislocation on day 30 post challenge. Lungs, 
Liver and spleen from these mice were removed aseptically and viable bacilli 
load was determined, according to the gernal laboratory method. 

4.9.lmmunoreactivity of Mycobacterial MSP secretory protein in Liposomes 
4.9.1. Preparation of liposomes 

Multilamellar liposomes were prepared by freeze thaw method as described 
by Mayer et a!., (1986). Briefly, 56 mg of egg phosphatidyl-choline (PC), 8.0 
mg phosphotidylglycerol (PG) and 16mg cholesterol (CH) were dissolved in 
100ml of chloroform: methanol, 2:1 (v/v) in a round bottom flask. The 
chloroform: methanol was evaporated in a rotory vacuum evaporator at 37 °C. 
The residual chloroform: methanol was removed by dessication overnight. 
Thin film of lipid that is formed on the inner walls of the flask was dispersed by 
gentle shaking for 2 hours in 15 ml sterile PBS (pH7.2). Thereafter, the milky 
suspension was distributed into 1.5ml capacity eppendroff tubes and freezed 
the same by immersing in liquid nitrogen and immediately thawing the frozen 
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preparation at 35°C. This cycle of freeze thaw was repeated five times and 
the liposomes were then centrifuged at 100,000g for 1 hour in an ultra 
centrifuge to remove the un-entrapped material. The pellet containing the 
liposome preparation was washed thrice with PBS {pH 7.2) and finally 
suspended in the same. The multilameilar character of liposome preparation 
was checked under microscope. 

4.9.2,Preparation of antigen containing liposomes. 

The basic method for the preparation for antigen containing liposomes was 
the same as described above for the empty liposomes except that PBS in the 
initial step contained 5-10 mg of MISP and was added to the thin lipid film in 
the flask. At the end, the liposomal preparation containing entrapped antigen 
was centrifuged twice in PBS (pH. 2). The percent entrapment of the antigen 
in the liposome was calculated by estimating the protein in the pellet and the 
supernatant by the method of Lees and Paxman (1972), modified version of 
Lowry’s method. 

Protein in pellet 

Percent entrapment = x 1 00 

Sum of the protein in pellet+ 

Supematant+ washings 

The resultant liposomal preparation [freeze-thaw multilameilar vesicles 
(FTMLV)] with or without antigen was kept at 4 °C till use. 

Immunization protocol 

To study the effect of entrapped-in liposomes to induce immune response 
was studied. For this, mice were immunized subcutaneously on days 0,7 and 
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14 with 75 |jg of antigen (divided in three equal doses) entrapped in 
liposomes. Following groups were included in the study. 

Group Immunized with 

I Immunized with MISP in liposomes in three doses on day 0,7& 1 4. 

II Control group immunized with normal saline in liposomes. 

The immune response both (cellular and humoral) were studied at different 
time interval after immunization by ELISA and T-lymphocyte proliferation 
assay as explained in section 4.4 to 4.4.2.5 and 4.10.1 . 

Protection studies 

Group of mice immunized with MISP entrapped in liposomes was challenged 
with LD 50 (3 x107 CPUs) dose of M. tuberculosis H37RV, 8 weeks after the 
complete immunization. The protection afforded by immunization with MISP- 
Lip was assessed by survival rate in immunized / control animals till 30 days 
post challenge and by enumeration of viable counts in the infected organs 
lung, liver and spleen on day 30 post challenge. Described in section 4.10.3. 

4.10.Study of ceil mediated Immune responses 

Cell mediated response to purified secretory proteins by measuring the T-cell 
proliferation induced by these antigens. 

4.10.1 .T-tymphocyte proliferation assay 

This assay was performed as described by Anderson et a!., (1991) Immunized 
/ control animals in groups of 3-5 each were used at each dose levels and 


110 


time interval. Mice were sacrificed by cervical dislocation and spleen of the 
animals were removed aseptically and washed in sterile saline to remove the 
surface contaminants. The spleens were then profused with RPMI 1640 
medium using 10 ml syringe having 26 G needles to obtain the single cell 
suspension of splenocytes. The cell suspension was then centrifuged twice at 
2000 rpm for 10 minute in RPMI 1640 to remove the unwanted soluble 
contaminants. The RBC’s in the suspension were lysed by suspending the 
cell pellet in 0.9% NH 4 CI at 37 °C for 5 minutes. The suspension was then 
centrifuged twice at 2000 rpm to completely remove lysed RBC and NH 4 CI. 
Macrophages were then removed by pouring the cell suspension in to the 
glass petri plate and incubated at 37°C for 45 minutes in 5-10% 
C02.Supernatant containing T and B-lymphocyte was collected with sterile 
syringe and centrifuged. B-lymphocytes were removed from the cell 
suspension by panning. For this one day prior to experiment a plastic 
petriplate was coated with anti mouse Ig at 4°C overnight. The cell 
suspension containing T and B lymphocyte was poured in the petriplate and 
incubated at 37°C for 30 minutes in 5-10% CO 2 atmosphere. The supernatant 
coating majority of T lymphocytes was collected and centrifuged twice. Finally, 
the cell pellet was suspended in RPMI-1640 containing 10 % FCS. The cells 
were then counted on the hematocytometer and the cell concentration was 
adjusted to 2 x 10® ceils per ml. The macrophages were removed from the 
petriplate by scraping with the help of rubber policeman and collected in 
separate tube containing RPMI-1640 and stored at 4°C. 


K 
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The lymphocytes (100 pi each of 2X 10® cells/ml) were dispensed in the wells 
of 96 well microtitre tissue culture plate (Coming, USA). The T-lymphocytes of 
immunized and control animals were sensitized with the appropriate 
concentration of antigen diluted in RPMI 1640 with 10% PCS. Tissue culture 
plate was then sealed with sterile sealing tape and incubated at 37°C 5-1 0% 
CO 2 atmosphere for 1 8 hours. 

The cells were harvested on the glass fibre filter using microplate harvester 
(Nunc). The incorporated radioactivity was counted on a P-liquid scintillation 
counter. The proliferation was expressed as stimulation index calculated as 

Stimulation Index = Mean CPM of stimuted cells/ Mean CPM of unstimulated 
cells. 

4.10.2.Determination of LD50 of M. tuberculosis In Mice 

LD50 of M. tuberculosis, H37RV injected intravenously was determined 
according to the methods described by Karber (1931). M. tuberculosis H37RV 
cells were grown in modified Souton’s medium 0.05% Tweem-80 for 8 days 
continuous shaking at 120 rpm at 37°C. The cells were harvested on 8**^ day 
by centrifuging the culture at 6000 rpm for 15 minutes. The organisms were 
washed twice with sterile saline (0.85%) and suspended to the approximate 
concentration of 10^ viable bacteria per ml (using Me Farland’s standards). 
Ten fold serial dilution of this suspension was made in sterile normal saline. 
Five groups of mice (10-15 each) were injected intravenously with 100 pJ of 
appropriate suspension of Mycobac?fena per animals. 
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Mortality rate In infected animals was monitored for a period of thirty days, at 
the end of which LD 50 was calculated according to the methods described by 
Karber (1931). 

LD 50 = 0.5 + Log 10 of highest concentration - % mortality 
of bacterial dilution 1 00 

4.10.3.Enumeration of Viable Organisms in Infected Organs 

Immunized / control animals infected with M. tuberculosis H37RV were 
sacrificed in group of 5 on day 30 post challenge. Different organs viz. spleen, 
liver and lung were removed from each animal aseptically. Each organ was 
homogenized in 3 ml of sterile normal saline in a glass homogeniser. 
Serialdilution (1:100 onwards) of this homogenate were done and cells were 
accordingly plated on solidified souton’s medium supplemented with 1 % BSA 
and colony forming units were counted after incubation at 37 ®C for 4 weeks. 
To differentiate the growth of M. tuberculosis from M. bovis BCG, 1 mg/ml of 2- 
thiophene-carboxylic acid hydrazide (Orme & Collins, 1983) was 
supplemented to the above medium. This compound selectively inhibits the 
growth of M. bovis BCG but does not affect that of M. tuberculosis. 
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5.1. Morphological and Cultural Identification of Culture Used in the Study 

M. tuberculosis H 37 RV ATCC-27294 included In the study were grown and 
maintained on L. J. media slants and as glycerol stocks kept at -70°C. 

Both the strains were checked for typical Mycobacterium morphology. For this 
both the cultures were stained with Gram’s staining and acid fast (ZN) staining 
and observed under microscope (lOOx magnification). 

Culture was not stained by gram staining procedure and appeared as 
unstained objects. However, when stained with acid fast staining by Zeihl- 
Nelson method they were seen as dark pink slender pleomorphic rods 
(Figure- 9). 

On LJ (Lowenstein-Jenson) medium slants both the cultures grew after 28 
days of incubation at 37°C and appeared as dry, rough, irregular and buff 
colored colonies (Figure -10). 

In liquid (Sautons, Middlebrook 7H9) media growth (turbidity) was visible 
from day 14 on the surface of flask kept under stationary condition small 
pellicle growth was observed which kept increasing thereafter and covered 
the entire top surface of media in the 500 ml flask containing 250 ml medium 
by the end Z** week. 

The purity of the culture was checked by performing acid fast staining. Growth 
curve was plotted by taking the absoiption of culture at 580nm once every 
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21 day after which the culture multiplied exponentially (as evident for sharp 
increase in OD values) upto day 40.Thereafter culture entered the stationary 
phase till 60 day and then a decrease in the OD was seen indicating the 
onset of decline phase. 

Both the Mycobacterial cultures were also tested for the typical M. 
tuberculosis character and were found positive for nitrate reduction and niacin 
test confirming them as M. tuberclosis. 
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Figure 11: Growth curve of M. tuberculosis H 37 RV on Sauton’s medium at 37°C 






Profile of proteins released in culture medium during growth 


It is well known that during growth of microorganism it releases various 
substances in to the medium. These substances can be metabolic by 
products, Lipids, carbohydrates and proteins. Proteins released into the 
mediums, which are secreted by actively growing cells, and those released 
following the lyses of bacterial cell into their surrounding medium. Therefore 
the release of proteins into the culture medium during different growth phases 
was investigated over the period of 50 days by determining the yield of total 
protein in the culture filtrate (Table-1 and Figure- 12) and the change in protein 
profile was also studied by performing SDS-PAGE (Figure -13) analysis of the 
samples obtained at different time point. 


Table - 1 


Protein released in the medium during growth on M. tuberculosis 
in Souton’s Medium collected at different time points 

1 week 

2 week 

3 week 

4 week 

Sweek 

Gweek 

7week 

0.231 

0.321 

0.881 

1.73 

3.21 

3.3 

3.32 
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Mesurment of protein secretion during 

growth 


Figure 12: Secretion of protein into the culture medium during the growth of 
M. tuberculosis H37RV in culture liquid under stationary condition. 
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Figure 13: Photograph showing Secretion of protein into the culture medium 
during the growth of M. tuberculosis H37RV in culture liquid under 
stationary condition form SDS PAGE Silver staining. 


Purification of major proteins from the culture filtrate proteins 

Culture filtrate of mid log phase growth was fractionated on DEAE Sepharose 
CL 6B column and its elution profile is shown in Figure-1 4.The total culture 
filtrate protein was resolved in to six peaks when eluted with NaCI gradient. 
Fractions under six peaks were pooled and concentrated by ultrafiltration. The 
peaks were designated as FI, Fll, Fill, FIV, FV, FVI, respectively. The amount 
of protein in six peaks is shown in Table-Ii, where approximately 83.24% of 
the total CFP's applied recovered as unbound and from different peaks. 


Table- il 

Amount of protein recovered from different peaks of total culture filtrate 
protein after DEAE Sepharose CL 6B column 


Cone. Of 
Protein 

Elution Peaks 


Unbound 

volume 

FI 

Fll 

Fill 

FIV 

FV 

FVI 

Total 

Protein 

17.16 

13.8 

10.69 

6.5 

7.8 

8.3 

14.67 

%age 
recovery * 

20.38 

14.5 

11.25 

6.8 

8.2 

8.7 

15.44 


* Total culture filtrate protein loaded on to the column was 95 mg 




























Absorbance at 280 nm 
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Eluion profile of cultutre filtrate protiens of M. tuberculosis 
H 37 RV eluted through DEAE-Sepharose CL-6B colmun 


NO.of Fractions 


Figure 14: Column elution profile of Culture Filtrate Protein 
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The peaks were analyzed by SDS-PAGE to examine the separation of 
proteins in different peaks (Figure-15). Peak III yielded pure SOkDa protein, ^ 

the other fraction contained more than 3-4 proteins. These proteins were 
further purified using elution method from SDS-PAGE gel in Tris Buffer as 

i 

explained in materials and method. Four different proteins were purified by 
elution method. Thus, a total of five different proteins were purified from the 
total culture filtrate protein. 

The molecular weight of all the six proteins were determined using SDS- 
PAGE by comparing relative mobility of the prestained standard molecular 
weight markers, which yielded molecular weight of 6kDa, 26kDa, 30kDa, 

38kDa, and 64kDa respectively (Figure -16 and 17). 










Selection of most immunoreactive antigen using tuberculosis Patient Sera 

After the purification of the five secretory proteins from the total culture 
filtrate, the purified proteins were then reacted with sera of confirmed 
tuberculosis patients in western blot for the selection of antigen(s) having anti- 
bodies in patient sera. From the results of western blot (Figure- 18 to 23) it is 
evident that of the five antigens antibodies against two-protein viz. 64 and 26 
kDa were present in significant amount in sera of all patients tested. The anti- 
bodies to other antigens were also seen in the sera of patients but not in all 
patients tested and in some it was present in low amount (as indicated by fine 
bands). In an attempt to develop diagnostic kit by performing the ELISA for 
diagnosing the TB patient’s sera a cocktail of purified antigens was also used 
in addition to individual antigens. 

> 




Figure 19: Photograph showing immunoreactivity of 6 kDa purified Secretory 
proteins with extra pulmonary tuberculosis patient’s sera from 
western blot. 




64kDa 

30 kDa 





26 kDa 

6 kDa 



Figure 18: Photograph showing immunoreactivity of five purified Secretory 
proteins with tuberculosis patient’s sera from western blot. 


23! 








2 

I/- ' 

h«' 

' ■ 

b' . 

1' ■ 



^ , . 







Figure 20:Photograph showing immunoreactivity of 30 kDa purified Secretory 
proteins with extra puimonary tubercuiosis patient’s sera from 
western biot. 


64kDa 


Figure 21 : Photograph showing immunoreactivity of 64 kDa purified Secretory 
proteins with puimonary tuberculosis patient’s sera from western blot 







38kDa 


Figure 22: Photograph showing immunoreactivity of 38 kDa purified Secretory 
proteins with pulmonary tuberculosis patient’s sera from western blot 


Figure 23: Photograph showing immunoreactivity of 26 kDa purified Secretory 
proteins with pulmonary tuberculosis patient’s sera from western blot, 


Standardization of ELISA 


The optimal conditions for performing ELISA to detect the presence of 
antibody in the sera of human tuberculosis patients and to measure the 
Humoral response in animals to the purified antigen(s) were standardized for 
Secretory antigens. 

Effect of blocking agents 

To enhance the specificity, various types of blocking protein were tried such 
as BSA, Casein digest, Normal Rabbit serum were used to eliminate non- 
specificity. Among all the mentioned blocking agents tested. Casein digest 
was found to be the best blocking agent which gave close to zero noise level, 
hence 100% specificity. (Table - III and Figure -24). The implementation of 
Casein digest at a concentration of 1% helped in achieving 100 % specificity 
along with process feasibility. 


Table -III 

Effect of blocking agents on the specificity / reactivity of antigen with antibody 


Blocking agent 

0. D. (450nm) 

BSA 

0.060-0.350 

Casein digest 

0.020-0.150 

Normal Rabbit sera 

0.022-0.250 
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Blocking agents 



■ BSA ■ Casein digest □ Normal Rabbit sera 


Figure 24: Effect of blocking agents on the specificity of antigen with antibody 





Effect of pH of the coating buffer on the immobilization of antigenic 
secretory protein antigens 

All pure secretory protein(s) showed maximum adsorption on solid phase at 
pH 7.2. Although no significant difference form the adsorption of secretory 
protein between pH 7.2 and pH 9.5. However, the adsobtion was weak at pH 
6.5 as is evident from low absorbance values of all proteins at this pH. Hence, 
pH7.2 was selected for the immobilization of purified secretory protein and 
cocktail of antigens (Table - IV and Figure- 25). 

Table - IV 


Immobilzation antigens 
(Pure Protein) 

Reactivity 
pH 6.5 

Reactivity 
pH 7.2 

Reactivity 

pH-9.5 

64KDa 

0.802 

1.103 

1.102 

38KDa 

0.791 

1.521 

1.103 

30KDa 

0.864 

1.810 

1 .805 

26KDa 

0.782 

1 .251 

1.103 

06KDa 

0.879 

1.424 

1.405 

Cocktail of antigen 

0.853 

2.523 

2.164 


The 64kDa secretory protein showed maximum adsorption on solid phase at 
pH 7.2 and pH 9.5. 38kDa secretory protein showed maximum adsorption on 
solid phase at pH 7.2, 30kDa secretory protein at pH 7.2 and 9.5, 26 kDa 
secretory protein showed maximum adsorption on solid phase at pH 7.2, and 
06kDa secretory protein showed maximum adsorption on solid phase at pH 
7.2and 9.5.Cocktail of secretory protein showed maximum adsorption on solid 
phase at pH 7.2. 
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phase. 1 : for 64kDa, 38kDa, 30 kDa, 26kDa, 06 kDa, and cocktail at 


pH 6.5, 7.2 and 9.5. 









Effect of Ionic strength of Coating Buffer on the immobilization of the 
selected antigenic Secretory protein antigens 


,>■ 



Farther, the ionic strength of coating buffer indicated that all purified proteins 
and cocktail of antigen bound to the surface and showed good absorbance at 
ail three concentrations (10mM - lOOmM). However, it was best at 10mM 
concentration with a gradual decrease upto lOOmM concentration (Table- V 
and Figure -26). 


Table - V 
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Effect of strength of coating buffer on immobilization of 

antigens 


Ionic strength of coating buffer(mM) 


Cocktail 


Figure 26: Effect of ionic strength of coating buffer on immobilization of antigenic 
secretory protein on solid phase. 



Effect of incubation period on the immobilization 


Effect of incubation period for the antigens to bind on to the solid surface was 
determined by incubating all purified proteins and cocktail of all these antigens 
for different time period. As shown in Table-VI and Figure- 27, the absorbance 
values increased with increasing incubation time and were maximum for the 
combination, when antigens were kept for immobilization for 18 hours. 

Table- VI 


Antigens 

Incubation period at 4°C 

3 hour 

5 hour 

12 hour 

IShour 

64KDa 

0.041 

0.133 

0.835 

1.550 

38KDa 

0.031 

0.212 

0.721 

warn 

30KDa 

0.042 

0.222 

0.810 


26KDa 

0.037 

0.116 

0.803 

1.876 

06KDa 

0.035 

0.102 

0.605 

1.795 


0.140 

0.197 

0.799 

2.608 

































ELISA reactivity (O.D.) 
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Effect of incubation period on the immobilization 
of antigenic protein antigens 



Figure 27: Effect of incubation period on the immobilization of protein antigen 
and cocktail of antigens. 
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Further, there was rise in the adsorption of the protein antigen on the solid 
surface up to 120 minutes at 37 °C thereafter no further increase in 
adsorption was observed (Table - VII and Figure- 28) gets saturated. 


Table -VII 


Antigens 

Period of immobilization at 37°C 

(Minutes) 

30 

60 

120 

180 

64KDa 

0.335 

0.525 

1.345 

1.525 

38KDa 

0.321 

0.622 

1.322 

1.622 

30KDa 

0.410 

0.713 

1.813 


26KDa 

0.253 

0.653 

1.650 

■jggm 

06KDa 

0.205 

0.605 

1.615 

1 

1.605 


0.599 

0.901 

2.601 

2.701 
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Figure 28: Effect of incubation period of antigens for immobilization at 37°C. 
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Effect of concentration of antigens 

An increase in the concentration of all the protein antigens from 2.5pg / well 
to 7.5 pg / well demonstrated increase in the absorbance value (Table — VIII 
and Figure - 29). No further increase in the absorption was observed by 
increasing the (1 Opg / well, 1 2.5pg / well) concentration of antigen for coating. 


Table -VIII 

Effect of concentration of antigen on the absorbance value 


Antigens 

Concentration of antigens pgMell 

2.5 

5 

7.5 

10 

12.5 

64KDa 

0.835 

1.535 

1.515 

1 .005 

1.105 

38KDa 

0.821 

1.721 

1.701 

1.501 

1 .402 

30KDa 

0.910 

1.915 

1.812 

1.712 

1.782 

26KDa 

0.853 

1.753 

1.743 

1.682 

1.672 

06KDa 

0.605 

1.505 

1.510 

1.500 

1.507 

Cocktail of 

antigen 

0.999 

2.599 

1 

2.535 

i 

2.413 

i 

2.403 
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Figure 29: Effect of concentration of antigen on binding to solid surface. 




Optimization of conjugate Goat anti-human IgG-HRP 

The extent of the reaction exceeds the absorbance 1 .0 within 10 minutes and 
exceeds the absorbance 1.9 within 30 minutes which shows that the 
conjugate has suitable activity for ELISA (Table- IX and Figure-30). 

Table- IX 



r 
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Activity of conjugate Goat anti human IgG-HRI 
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1 2 3 4 5 6 7 

Time of incubation (x 5min) 


Figure 30 : Effect of enzyme reaction time on the extent of the 
Reaction. 
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Humoral Response to the Secretory Proteins 


Purified proteins were screened for level of antibodies induced against them in 
the sera of animals immunized with total culture filtrate. It is evident from the 
Figure- 31 and Table-X that significant level of antibody was found against all 
the five Secretory proteins as measured by ELISA. 


Table - X 

Humoral Response against five purified secretory proteins in the sera of 

immunized animals 


Weeks 

Antibody Titre against different antigens 

P. im. 

64kDa 

38KDa 

30kDa 

26kDa 

6 kDa 

CFP 

1 

213.33 

298.67 



106.67 

426.67 

2 

682.67 

682.67 

106.67 

85.33 

128 

853.33 

3 

1706.67 

2730.67 

170.67 


149.33 

3413.33 

4 

2730.67 

3413.33 

341.33 

42.67 

106.67 

5461.33 


The antibody level i. e. Iogio antibody titre increased from first week post 
immunization (p. im.) upto fourth week post immunization against all the 
antigens. It was significantly higher (p<0.001) than control at all time point. 
The optimum response was obtained at week p. im. (Table-X) when the 
antibody titre was maximum. The antibody titre was highest for two proteins i. 
e. 64 kDa and 26 kDa proteins among all the six protein at all time points. 
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Humoral response to purified antigens in the animals 
immunized with the total culture filtrate protein 
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Figure 31 : Humoral response to purified antigens in the animals immunized 




Cell Mediated Immune Response 

Cell mediated response to the five proteins was also studied in the 
lymphocytes obtained from animals immunized with total culture filtrate 
proteins by T- cell proliferation assay. 

T-Lymphocyte response to the pure proteins 

The T-lymphocyte proliferation activity was determined in the animals 
immunized with total culture filtrate protein upto 4-week post immunization for 
the selection of most immunoreactive protein among the five purified proteins. 
It is clear from results shown in Figure- 32 and Table -XI that significant T-cell 
response was observed against all antigens compared to control from 2"^^ 
week post immunization (P. im.) up to fourth week post immunization. 

Table -XI 


Cellular immune Response against five purified secretory proteins in the 
sera of animals immunized with total culture filtrate. 


Weeks 

P. im. 

Stimulation Index against different purified antigens 

64kDa 

38KDa 

30kDa 

26kDa 

6kDa 

CFP 

1 

1.57±0.40 

2.39±0.34 

3.4±0.23 

1.74±0.39 

3.74±0.12 

3.33±0.20 

2 

1.58±0.04 

2.87±0.16 

4.31 ±0.31 

2.61 ±0.48 

4.95±0.18 

3.8±0.37 

3 

2.59±0.39 

3.14±0.06 

6.47±0.38 



5.87±0.19 

4 

1.93±0.44 

2.39±0.23 

7.02±0.58 

I 



4.64±0.83 






























Maximum response of T-lymphocyte proliferation was observed for antigens 
having Molecular weight of 30 and 6 kDa respectively and was highest tor 
6kDa protein. 

On the basis of humoral response and cell mediated response of the purified 
culture filtrate proteins, two antigens viz. 64 and 26 elicited maximum antibody 
induction and antigens 30 and 6 kDa elicited maximum T-lymphocyte 
proliferation. These proteins viz. 64 and 26 and 6 kDa respectively were, 
therefore, selected for further B and T-lymphocyte studies. 

Immunogenicity of 6kDa Secretory protein complexed in FIA 

The ability of 6kDa protein to induce response was determined by immunizing 
mice with three different concentrations (75, 37.5, 18.75 pg / mouse) in three 



doses. After completion of immunization T-lymphocyte proliferation response 
to the immunized ceil with 6kDa antigen was studied to determine the level of 
T-cell activity indicating the immunogenic potential of the protein. 

Cell Mediated Immune Response 

As explained earlier, ceil mediated response was determined by T- 
lymphocyte proliferation assay. Animals immunized with 6kDa antigen 
complexed in IFA exhibited a dose dependent proliferative response during 
the study period. The proliferation level was low (p< 0.05) in first week post 
immunization (Figure - 33 and Table -XII), which increased thereafter, and 
reached its peak level after 3 weeks (6.26±0.16, 9.04±0.54, 12.56±1.07) P. im 
compared to control and remained constant till fifth week. 
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Table -Xil 

T-Lymphocyte Proliferative Response to 6kDa Secretory Protein in Animal 
Immunized with Different Concentration of 6kDa-iFA 


Weeks P. im. 

Stimulation index against different concentration of 
6kDa antigens 


18.75 pg 

37.5 pg 

75 pg 

1 

2.96±0.08 

3.03±0.16 

3.59±0.35 

2 

4.74±0.37 

6.03±0.39 

6.39±0.43 

3 

5.63±0.45 

7.38±0.28 

9.36db0.37 

4 

1 

6.26±0.16 

9.04±0.54 

12.56±1.07 


Values represented are Mean ± SD of 3-5 animals 

Comparison of Immune Response Elicited to 6kDa Secretory Protein in 6kDa 
IFA Immunized Animals and BCG Vaccinated Animals. 

The animal immunized with 6 kDa-IFA elicited maximum cellular response at 
75pg concentration after 3 weeks post immunization. The immune response 
induced in mice immunized with 6kDa-IFA was compared to those immunized 
with live BCG vaccine. Cellular response to 6kDa secretory protein in 
immunized (6 kDa-IFA), and BCG vaccinated and control animals were 
studies upto fourth week p. im. 
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Cellular immune response to 6kDa secretory protein in the animals 
immunized with 6kDa complexed in IFA 
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Cell Mediated Immune Response 

The induction of T-Iymphocyte activation to 6kDa antigen in both the groups 
(6kDa-IFA and BCG vaccinated) was monitored by T-lymphocyte proliferation 
assay. 

T-lymphocyte Proliferation Assay 

The T-iymphocyte proliferation induced in 6kDa-iFA immunized and BCG 
vaccination mice is represented in Figure - 34 and Table -XIII, 


Table: Xlil 

T- Lymphocyte Proliferation Response in Animals Immunized with 6kDa- 

IFA/ BCG Vaccinated 


Weeks P. im. 

Stimulation Index against 6kDa 
antigen 


75 pg 

BCG 

Control 

1 


2.96±0.08 

1.44±0.24 

2 

6.45±0.33 

4.62±0.09 

1.24±0.14 

3 

9.60±0.41 

5.25±0.09 

1 .23±0.24 

4 

13.07±0.78 

5.82±0.20 

1.52±0.31 


Values represented are Mean ± SD of 3-5 animals in each group 


The T-lymphocyte response increased from 1®* week p. im. (3.67±0.31, 
6.45±0.33) upto 3*^ p. im. (9.60±0.41) and reached its peak in the fourth week 
p. im. (13.07±0.78) in 6kDa-IFA and BCG vaccinated animals but remained 
significant as compared to control animals (p<0.01). However, the animals 
immunized with 6kDa-IFA exhibited significantly higher T-lymphocyte as 
compared to BCG vaccinated animals, thus indicating that the 6kDa purified 
4 antigen has ability to induce strong T-cell proliferation, which is a pre requisite 

for protective immune response. 
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Comparision of Cellular Immune response against kDa antigen 
in animals Immmunized with 6KDa complexed in IFA/ BCG 

vaccinated 
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Figure 34: Comparision of Cellular Immune response against kDa antigen in 
animals Immmunized with 6KDa complexed in IFA / BCG vaccinated 


152 




immunoprotective activity of 6 kDa purified protein 

The ability of 6kDa protein to induce strong CM! response encouraged us to 
determine the role of this antigen in protecting the immunized mice against 
lethal challenge of M. tuberculosis. 

Determination of Lethal Dose 50 (LD50) for animals infected with M. 
tuberculosis H 37 RV 

The mice were infected intravenously with different concentration of M. 
tuberculosis H37RV to determine the LD50 . A total of 10 mice in each group 
were injected with different concentrations of M. tuberculo&s H37RV and the 
mortality in each group was recorded upto 30 days post infection for the 
calculation of LD50 (Table- XIV), 

Table: XIV 


LD 50 for Mice infected Intravenously with M. tuberculosis H 37 RV 


No. of CPU’s 

/mouse 

No of mice 

Infected 

Mortality 

after 30 days 

Percent 

Calculation 

3 . 6 x 10 “ 

11 

11 

100 

LD50= 2.93 X 

3.6x10“’' 

10 

6 

60 

107 

3.6 x 10 “ 


2 

20 

CFU/mouse 

3.6x10“ 

8 

1 

12.5 


3.6 xIO"^ 

8 

0 

0 



The LD50 was found to be 3 x 10 ^ colony forming units per mouse and this dose 
was used throughout the study for induction of experimental tuberculosis. 

1S3' 
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Protection Afforded by Immunization with 6kDa-IFA and comparison with 
BCG vaccine 

Immunization with 6 kDa secretory protein elicited strong cellular response, 
which was maximum in the week post immunization. Hence, to study the 
protective efficacy the mice were immunized with different concentration 
(75pg, 37.5 pg and 18.75 pg per mouse) of 6 kDa secretory protein complexed 
in IFA and live BCG vaccine H 37 RV (1x10® CFU’s per mouse). The immunized 
and unimmunized control mice were challenged after three weeks post 
immunization (p. im.) with LD 50 (3.0 xIO^ CFU’s / mouse) of M. tuberculosis 
H 37 RV. The protection imparted by the 6 kDa protein and BCG vaccine was 
estimated by monitoring the survival rate in immunized / control mice upto 30 
days post challenge. 

Percent Survival 

The relative percent survival of immunized / control mice challenge with LD50 
of M. tuberculosis has been depicted in Figure- 35 and Table -XV. 
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Table- XV 


Protective effect (On Survival basis) in the Animals Immunized with 6 kDa- 
IFA / BCG vaccine and Challenged for four weeks p. im. with M. 
tuberculosis H 37 RV 


Groups 

Immunized with 

Protective effects No. of survival/No. tested on various 

Post Challenged days 

7 day 

14 day 

21 day 

30 day 

6 kDa (75 pg) 

20 / 20 ( 100 )* 

20 / 20 ( 100 )* 

16/20(80)* 

15/20(75)* 

6 kDa (37.5 pg) 

20 / 20 ( 100 )* 

20 / 20 ( 100 )* 

14/20(70)* 

10/20(50)* 

6 kDa (18.75 pg) 

20 / 20 ( 100 )* 

20 / 20 ( 100 )* 

12/20(60)* 

8 / 20 (40) * 

BCG vaccine 

20 / 20 ( 100 )* 

20 / 20 ( 100 )* 

16/20(80)* 

14/20(70)* 

Control 

20 / 20 ( 100 )* 

20 / 20 ( 100 )* 

10/20(50)* 

6/20(30)* 


* Figure in parentheses are percent survivors at different time points 


The control animals (immunized with normal saline-FIA) exhibited a steady 
decline in percent survival and at thirty days post challenge only 30% of the 
control mice survived the challenge. On the other hand, the mice immunized 
with varying concentration of the antigen demonstrated no mortality till two 
weeks post challenge. However, the onset of mortality occurred during third 
week post challenge with 20%, 30%and 40% mortality in animals immunized 
with 75pg, 37.5 pg, 18.75|jg of the antigen respectively and 20 % mortality 
was also observed in animals vaccinated with BCG vaccine. In the fourth 
week an increased mortality (50% to 60%) was observed in the lower two 
doses of 6 kDa immunized animals. Mortality was also observed in 75pg 
protein (25%) and BCG vaccinated (30%) animals. 
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At the end of 30 days observation, 75% survival was seen in animals 
immunized with 75|ig concentration of 6kDa protein that was similar to 
survival (70%) afforded by BCG vaccine. 

Thus, the result indicates that 6kDa protein possess immunoprotective 
behavior and protection induced by the highest dose of the antigen greater 
than BCG vaccine. 
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Survival Profile of 6kDa Secretory protein against IV challenges 
with M. Tuberculosis ( 4th week P.im.) 
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Figure 35: Survival Profile of 6kDa Secretory protein against IV challenges with 
M. tuberculosis (4'^ week P. im.). 
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Enumeration of Viable bacilli 


The protection imparted by 6 kDa secretory protein and BCG vaccine was also 
assessed by determining the clearance of M. tuberculosis H 37 RV from the 
organs (Liver, spleen and lung) and its comparison with unimmunized 
animals. 

Spleen 

At the end of observation period i. e. 30 day post challenge, there was 
approximately 200-300 fold decrease in the viable counts in spleen (Table- 
XVI) of both 6 kDa-IFA immunized (2.1 ± 0.11x10®) and BCG vaccinated 
(2.45± 0.71x10®) mice as compared to control (5.8 ± 0.18x10®) which was 
highly significant (p< 0 . 001 ). 

Table- XVI 


Viable tubercle bacilli recovered from 6 kDa Immunized / BCG Vaccinated 
and Control Animals Challenged 4weeks p. im. with LD 50 of M. tubercuiosis 
H37RV 


Groups 

immunized with 

CFU recovered from target organs 


Lung 

spleen 

Liver 

6 kDa IFA (75 pg) 



4.7± 0.16x10®'" 

BCGVaccinated 




Control 

BEBBQBIHI 




‘■**p<0.001 level, **p<0.01 level 
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Lung 

The number of organisms present after 30days post challenge in the lungs of 
Control, 6kDa-FIA immunized and BCG vaccinated mice where 3.4± 
0.11x10®, 2.5± 0.12x10®, 3.9 ± 0.17x10^ respectively as shown in Table- XVI. 
There was approximately 100-200 fold decrease (p<0.001) in CPU’s in 6kDa- 
IFA immunized and 10 fold (p<0.01) in BCG vaccinated animals as compared 
to control. 

Liver 

The CPU’s detected in liver of Control, 6kDa-IFA immunized and BCG 
vaccinated mice after 30 days post challenge are presented in Table 17.There 
was approximately 100-200 fold decrease in the viable counts in 6kDa-IFA 
immunized (4.7± 0.16x10®) and BCG vaccinated (3.07± 0.89x10®) mice as 
compared to the control (6.5 ± 0.10x10®) and the observed differences were 
highly significant (p<0.001). 

These results suggest that the protection afforded by 6kDa secretory protein 
against experimental tuberculosis (Figure - 35 and Table - XV, XVI) was 
better to that imparted by BCG vaccine both in terms of survival and 
clearance of bacilli from the target organs at the peak of immune response. 


Immune Response In 6 kDa-Lip (Liposome) Immunized Animals 
Humoral Immune Response 

Results obtained (ELISA antibody titre) with immunized/ control sera at 
various week post immunization have been presented in Figure -36, Table 
XVII. 

Table- XVII 

Humoral Immune Response in 6kDa-Lip (Liposome) immunized Animals 


Week p. im. 

Antibodies titre of 6kDa-Lip in animal 

immunization 

6 kDa-Lip 

N. Saline-Lip (Control) 

1 

97.67± 0.47 

5.8±0.47 

2 

101±0.7 

5.8±0.47 

3 

120.33±0.33 

6.51 ±0.31 

4 

101.67±0.47 

6.3±0.5 


‘Values represented are Mean± SD of 3-5 animals 


Significant level of antibodies of 6kDa Secretory protein were detected in sera 
of immunized mice. The antibodies of 6kDa protein increased from I®* week 
p. im. (97.67± 0.47) and reached peak level in third week p. im. (120.33±0.33) 
with slight decline in the fourth week p. im. (101 .67± 0.47). 
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Humoral immune response to 6kDa secretory protein in the 
animals immunized with 6kDa complexed in Liposome 
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■ ■ Control 


Figure 36: Humoral immune response to 6kDa secretory protein in the animals 
immunized with 6kDa complexed in Liposome 


Cell Mediated Immune Response 

The induction of T lymphocyte activated by 6 kDa antigen in 6kDa liposome (kDa- 
Lip) immunized animals was determined by T-lymphocyte proliferation. 

T-lymphocyte Proliferation Assay 

The T-lymphocyte proliferation induced in 6 kDa-Lip immunized animals was 
monitored at various post immunization (p. im. ) time intervals and is 
expressed as stimulation index (Figure - 37 and Table - XVIII). 


Table- XVIII 

Lymphocyte Proliferative Response to 6 kDa antigen in Animal Immunized 

with 6 kDa-Liposomes 


Week p. im. 

Stimulation Index in animal immunized* 

6 kDa-Lip 

N. Saline-Lip (Control) 

1 

3.10±0.12 

1.77± 5.433 

2 

4.17±0.18 

2.74±0.231 

3 

6.19±0.35 

1.42±0.15 

4 

6.36±0.28 

1.60±0.043 


The T- cell activity increased from I®* week p. im. to third week p. im. 
(3.10±0.12 to 6.19±0.35) and thereafter declined slightly in 4*’ week p. im 
(6.36±0.28). The T-lymphocyte activity In immunized mice was significantly 
higher (p<0.001) than the control animal (1 .77± 5.433 to 2.74±0.231) at all the 
observation time periods. 
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Figure 37: Cellular immune response to 6 kDa secretory protein in the Animal 
immunized with 6 kDa complexed in Liposome 
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Protection Afforded by Immunization with 6 kDa Secretory Protein 
Incorporated in Liposomes (6 kDa-Lip). 

Mice immunized with 6 kDa-Lip and unimmunized controls were challenged 
with LD 50 (3x 10^ CPU’s) of M. tuberculosis H 37 RV 4 ^ week after the last 
immunizing dose. The protection imparted by immunization with 6 kDa-Lip 
was determined by monitoring the survival rates and viable bacilli 
enumeration in lungs, spleen and liver. 

Percent Survival 

The relative in immunized/control group has been depicted in Table - XIX and 
Figure - 38. The control group exhibited a steady decline in percent survival 
and at the end of 30 days of observation period only 32% animals survived. 
The immunized mice did not show mortality upto week post challenge and 
at the end of 30 days observation, 76% survival was seen in animals 
immunized with 6 kDa-Lip that was similar to survival (72%) afforded by BCG 
vaccine. 

Table- XIX 


Protective effect (On Survival basis) in the Animals Immunized with 6kDa- 
Lip/ BCG vaccine and Challenged 4**' week p. im. with M. tuberculosis H 37 RV 


Group 

Immunized 

with 

Protective effect= No. of survival/No. tested on various 
Post Challenged days 

7 

14 

21 

30 


25/25(100)* 

25/25(100)* 

20/25(80)* 

19/25(76) * 

BCG 

Vaccinated 

25/25(100)* 

25/25(100) * 

20/25(80) * 

18/25(72)* 


25/25(100)* 

25/25(100) * 

12/25(48) * 

8/25(32)* 


* Figure in parentheses are percent survivors at different time points 
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Enumeration of Viable bacilli 

Number of CPU’s present in spleen, liver and lung of control and 6 kDa-Lip 
immunized mice has been represented in Tabie- XX. 

Spleen 

At the time of the observation period i. e. 30 days of challenge, approximately 
100 fold decrease in the viabie counts was observed in 6 kDa-Lip immunized 
mice (1.99 ±0.15 xIO®) as compared to controi (5.2 ±1.2x10'’) and the 
difference observed was highiy significant (p<0.001). 




Table- XX 


Viable counts of M. tuberculosis H37RV in Organs of Animals Immunized 
with ^ kDa-Lip and BCG Vaccine and Challenged 4 *'’ week p. im. with M. 
tuberculosis H37RV 


Group 

Immunized 

with 


Lung 


CFU^s (Mean±SD) 


Spleen 


6 kPa-Lip 


2.6 ±1.01x10“ 


1.99 ±0.15x10“ 


3.3 ±036x1 0*^ 


2.60 ±0.28x10“ 


BCG 

Vaccinated 


5.2 ±1.2x10^ 


Control 


7.2 ±1.2x10' 


** p<0.01 level 

‘Values represented are Mean± SD of 3-5 animals 


Liver 

3.2 ±1.6 xIO^ 

3.3 ±0.3x 10 ' 

7.3 ±0.98x10^ 


Liver 

The number of organisms present in the liver of 6 kDa-Lip immunized and 
control mice were 3.2 ±1.6 xIO® and 7.3 ±0.98x1 O^.There was appromixately 
I 200 fold decrease in CPU’s in immunized as compared to control mice 

(p< 0 . 001 ), which was highly significant 
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The CPU’s detected in the lungs of infected control and 6 kDa-Lip immunized 
mice at 30^^ day post challenge are represented in Table- XX. Approximately 
50 fold decreases in viable bacilli was observed in the 6 kDa-Lip immunized 
mice and this difference was highly significant (p < 0.001) compared to 
controls. 

Serodiagnostic potential of cocktail of purified antigens 

Since the antibodies to the five purified antigens Viz. 6,26,30,38 and 64 kDa 
protein were seen in the sera of patients and was also detected in the 
humoral response in animals, It was worthwhile to test the diagnostic potential 
of these antigens. 

In the present study a cocktail of all five proteins was used to enhance the 
sensitivity of the assay and attempts were also made to check the specificity 
of the cocktail. 

A total of 427 sera samples were included in this study (Table - XXIand 
Figure-39) from healthy individuals without any clinical symptoms of TB; these 
were included as negative controls to evaluate specificity criterion of the test. 
Most of these sera were obtained from BCG vaccinated normal healthy 
subjects. The non-TB sera generally belonged either to healthy individuals or 
to patients suffering from a variety of diseases other than tuberculosis. The 
sera were stored frozen and were used within one year from the time of their 


collection. 


Table- XXI 

Source and status of individuals used in the study 


S. No. Specimens Numbers of 

serum sampie 


1 Pulmonary tuberculosis, serum sample 

2 Extra-pulmonary, serum sample 

3 Meningitis tuberculosis, serum sample 

4 Leprosy 

5 Malaria, serum sample 

6 Hepatitis B/C serum sample 

7 Lung cancer, serum sample 

8 Bacterial pneumonia, serum sample 

9 Normal healthy 

1 0 BCG Vaccinated, serum sample 

1 1 BCG Unvaccinated, serum sample 
(Normal sample) 


148 

50 

14 

25 

18 

11 

32 

14 

30 

58 

27 


Total No. of sample collected: 427 


I 
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No. of sample 

Specimens 


m Pulmonary tuberculosis, serum sample ■ Extra-pulmonary, serum sample 

■ Meningitis tuberculosis, serum sample ■ Leprosy 

ffl Malaria, serum sample ■ Hepatitis B/C serum sample 

□ Lung cancer, serum sample O Bacterial pneumonia, serum sample 

■ BCG Vaccinated, serum sample □ Normal healthy 

□ BCG Unvaccinated, serum sample 


Figure: 39 Collection of defferent patient’s samples from various sources. 
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The results of ELISA using cocktail antigen for 427 patients indicated 
following 139 subjects from total of 148 pulmonary subjects were positive, 
providing sensitivity of 94.27%. Similarly, out of 50 extra pulmonary patients, 
46 were identified positive giving a sensitivity of 92.59%. Sensitivity for 
meningeal tuberculosis was found to be 60.86%. (Table-XXII and Figure-40). 


Table- XXII 


Evaluation of Cocktail of ‘secretory protein Ag’ with ELISA test 


s. 

No. 

Group 

No. of 

Serum 

sample 

Cocktail of 
Secretory protein 
Ag, ELISA Test 

+ Ve -Ve 

Reactivity 

1 

Pulmonary 

tuberculosis 

148 

139 

09 

94.27% 

2 

Extra-pulmonary 

tuberculosis 

50 

46 

04 

92.59% 

3 

Meningitis 

tuberculosis 

14 

05 

09 

60.86% 

4 

Malaria 

18 

00 

18 

Non-reactive 

5 

Leprosy 

25 

02 

23 

92.59% 

specificity 

6 

Hepatitis B/C 

11 

01 

10 

Cross- 

reactive 

7 

Lung cancer 

32 

2 

30 

Cross-reactiv 

8 

Bacterial 

pneumonia 

18 

i 

1 

17 

Cross- 

reactive 

9 

Normal healthy 

30 

30 

30 

Non-reactive 

10 

BCG Vaccinated 

58 

01 

57 

Cross- 

reactive 

11 

BCG 

Unvaccinated 
(Normal sample) 

27 

2 

25 

Cross- 

reactive 


Sensitivity and Specificity- (± 2-3%). 


I 
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However, the results were negative for the sera obtained from patients 
(n=1 46) other than tuberculosis indicating the specificity (92.59%) of the 
antigens for Mycobacterium tuberculosis infections. Further attempts should 
be made to check this specificity with the Mycobacterium genera. 


Evaluation of Cocktail of ‘CSP Ag’ with ELISA 



I □ pulmonary tuberculosis B Extrapulmonary tuberculosis 
I □ Meningitis tuberculosis 


Figure: 40 Evaluation of cocktail of secretory proteins Ag with ELISA test. 


172 



-1 


The results of our study were also compared with a commercially available 
diagnostic kit containing cytosolic antigen A60 (Table- XIII and Figure- 41). It 
was observed that both the sensitivity, specificity of our combination of 
antigen and A60 was almost similar (±2-3%). 


Table- XIII 


Comparative evaluation of Cytosolic ‘A60’ Ag with ELISA test- 


S. No. 

Group 

mm 

Cytosolic ‘A60’ 

Ag, ELISA test 
+Ve -ve 

Reactivity 

1 

Pulmonary 

tuberculosis 

148 

127 

21 

87.57% 

2 

Extra-pulmonary 

tuberculosis 

50 

39 

11 

81 .96% 

3 

Meningitis 

tuberculosis 

14 

04 

10 

58.33% 

4 

Leprosy 

25 

03 

22 

89.28% 

Specipicity 

5 

Malaria 

18 

00 

18 

Non-reactive 

6 

Hepatitis B/C 

11 

00 

11 

Non-reactive 

7 

Lung cancer 

32 

02 

mm 

Cross-reactive 

8 


18 

00 

■■ 

Non-reactive 

9 

Normal healthy 

30 

30 

30 

Non-reactive 

10 

BCG Vaccinated 

58 

02 

56 

Croos-reactive 

11 

BCG 

Unvaccinated 
(Normal sample) 

27 

03 

24 

Cross-reactive 


Sensitivity and Specificity- (±2-3%). 



















































Comparative evaluation of Cytosolic ‘A60’ Ag with 

ELISA 



82 % 


■ Pulmonary ■ Extrapulmonary □ Meningitis 


Figure: 41 Comparative evaluation of Cytosolic A60 ELiSA Kit. 
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Tuberculosis is a disease of global importance. One-third of the world’s 
population is estimated to be infected with Mycobacterium tuberculosis and 
eight million new cases of tuberculosis arise each year. 

Since one third of the world’s population carries M. tuberculosis in its latent 
form, and that 5% develop active disease during the first years of infection, it 
is estimated that 8 million new cases of tuberculosis and 3 million deaths 
occur each year (Dye, 1999 and WHO, 2004; Stefan and Andrew, 2005). 
Furthermore, the risk of reactivation increases as a consequence of 
associated pathologies, immunosuppressive therapy, malnutrition and, mainly 
coinfection with human immunodeficiency virus (HIV) (Rook GAW and Pando, 
1996). Identification of these individuals is crucial for the control of disease 
transmission and elimination of tuberculosis. 

The ability of a protein to detect antibodies present during subclinicai disease 
is as important as the sensitivity of a protein in detecting antibodies formed 
during active tuberculosis, since therapy for latent tuberculosis infection can 
prevent the development of active disease. 

Several antigens of M. tuberculosis have been found to be useful in the 
serodiagnosis of clinical disease (Bisen et a/., 2003; Garg et al., 2003; Garg et 
ai., 2004), Traditional methods (smear and culture) are simpler and less 
expensive than the new molecular diagnostic tests such as PCR that are 
based on amplification of nucleic acid. Serological methods seem to be the 
ideal choice and, thus many Mycobacterial antigens like cellular extracts, 
proteins, (Arikan ef a/., 1998) polysaccharides, DNA, RNA (Bisen et a!., 2003; 
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Garg et al., 2003; Garg et ai, 2004) glycolipids (Julian et al., 2002, Papa et 
al., 1989) and other biomolecules have been evaluated. (Tiwari etal., 2005). 

It is evident from several studies that resistance against tuberculosis is 
mediated by arm of the immune system. Therefore, the antigen for vaccine 
development should be selected on its ability to induce the cell mediated 
immune response. In past, attempts have been made to investigate the 
immunogenic potential of different components of Mycobacterium, Several 
components viz. Mycobacterial cell wall. Heat shock proteins, ribosome/RNA 
and mannosides have been evaluated for their immune protective potential 
(Mehta, 1988; Hetzel etal., 1998; Oliver etal., 2000; Gennaro, 2000; Leander 
et al., 2005; Kwasi et al., 2005). 

Recently, the attention has been focused on secretory protein antigens of 
Mycobacterium, which are synthesized by the actively growing M. tuberculosis 
culture and to induce the desired immune response (Andersen et al., 1991; 
Anderson, 1994; Kamath etal., f 999; Sonnenberg and Belisle, 1 997; Karin et 
al., 1998; Kanaujia et al., 2004; Spencer et al., 2004; Young et al., 2004; 
Sable et al., 2005). These proteins have also been termed as culture filtrate 
proteins (CFP) and known to elicit strong immune reactions in humans and 
animals infected with M. fubercu/os/s/ M bov/s (Anderson ef a/., 1991; Orme 
ef a/., 1992; Romainef a/., 1993; Anderson, 1994). 

I The secretory proteins have been demonstrated to be strongly recognized by 

T-cells isolated from human (Tuberculosis) TB patients (Orme, 1988a) as well 
as mice and cattle experimentally infected with tuberculosis (Anderson and 


176 


r 


Heron, 1993; Pollock and Anderson, 1997; Kanaujia etal., 2004; Lanbo etal., 
2004). Experimental work in animal models suggest that both CD/ and CDs'^ 
T-cells are required for optimal protection against tubercle bacillus (Orme et 
a!., 1992; Bonato ef a/., 1998; Flynn etal., 1992; Pais etal., 1998; Stefan and 
Andrew, 2005). 

Secretory proteins, for comparison, are broadly recognized early during 
disease development in different species infected with M. tuberculosis 
(Anderson et al., 1995; Brandt et ai, 1996; Pollock and Andersen, 1997; 
Kanaujia et al., 2003). 

They have discriminated TB patients from both BCG vaccinated and M. avium 
patients and have therefore been suggested as candidates for in vitro TB 
diagnosis (Lein et al., 1 999; Ulrichs et al., 1 998). 

A combination of secretory protein (CFP) antigens selected by our approach 
can provide clues, which would allow the host immune responses to be better 
understood. This approach had also been successful in bringing about 
selection and use of antigens, which may be utilized for serological based 
diagnostic assay for tuberculosis and subunit vaccine. 

Our efforts were intended to focus on secretory protein antigens, which can 
be suitable for developing a reliable diagnostic test for tuberculosis and 
utilization of subunit vaccine (protective efficacy). Such antigens, if found, can 
be easily incorporated into Enzyme Linked Immunoassays or all those related 
assays which utilize antibody antigen interactions as a marker of diagnosis, as 
has been utilized by others (Hirayama ef a/., 2005). 
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Since the ELISA technique has the advantage of being a semi automated 
procedure with the capacity to analyze multiple samples and the equipment 
needed is available in many hospitals even in the developing countries of the 
world. As opposed to other infections, the use of ELISA in the diagnosis of 
tuberculosis has never been widely implemented due to problems with both 
sensitivity as well as specificity. For developing such assays, it was desirable 
to find out and purify Secretory protein (CFP.) antigens, which may 
specifically diagnose active tuberculosis sufferers. 

The present study was investigated to examine the immune diagnosis and 
immunoprotective activity of the secretory proteins of Mycobacterium 
tuberculosis H37RV. The Secretory proteins were isolated from logarithmic 
phase culture (5 week old) of Mycobacterium tuberculosis H37RV without 
shaking at 37°C (Nagai etaL, 1991). It has been earlier demonstrated that the 
cultivation time, growth of bacteria can be examined by microscopy (Figure- 
9) and spectrophotometer at Asso (Figure- 11). Protein secretion was 
monitored through the protein estimation of culture medium by at Aaso {Figure- 
12) and the profile of proteins released Into the culture supernatants of the 
tubercle bacilli by SDS-PAGE. 

The major secretory proteins were purified by following the method of Nagai 
et al. (1991). For initial fraction of major secretory proteins, DEAE sepharose 
CL-6b anion exchange column equilibrated with Tris-HCI was used. The five 
proteins (6 kDa, 26, 30,38 and 64 kDa) in peak I, I!, Ill, IV, V, and VI were 
virtually obtained In pure form in this column and characterized by SDS PAGE 


178 


and Tricine SDS PAGE (low molecular weight proteins); again the individual 
protein band were then eluted from the gel. The reactivity of secretory protein 
antigens were confirmed by western blotting with positive tuberculosis 
patient’s sera and ELISA. 

We selected for the study, secretory protein antigens with molecular weight of 
6 kDa, 26 kDa, 30 kDa, 38 kDa and 64 kDa for serodiagnosis and protective 
efficacy. 

We used Western blot because it is a method that provides a safe reading 
and interpretation of the results when duly standardized. In the present study, 
we produced industrial lots of antigen fractions that were assessed for 
reproducibility with control serum samples collected from patients with 
confirmed pulmonary tuberculosis and healthy individuals. Compared to 
molecular methods. Western blot has the advantage of being easy to perform, 
considering that small laboratories are better equipped for the execution of 
serological tests, detection immuno reactivity than of molecular tests. The 
stability of the nitrocellulose strips, that can be stored for more than 12 
months, permits the execution of the test in laboratories with small routines. 
The Western blot method has been widely used to confirm serologic results 
and for the identification of the immune response against different protein 
fractions of viruses, fungi, and parasites (Jackett etal., 1988). 

Studies employing Western blot analysis have shown that M. tuberculosis 
secretory protein antigens in the range of 64, 38, 30, 26 and 06 kDa 
frequently react with tuberculosis positive serum (Figure-18 to 23). 
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Further, We also used Enzyme-Linked Immunosorbent Assay (ELISA) 
because it is a powerful method in estimating ng/ml to pg/ml ordered materials 
in the solution, such as serum, urine and culture supernatant. There are 
different kinds of ELISA employed for different conditions, in these studies, 
since the antigens/ antigenic epitopes were developed and very well 
characterized, indirect ELISA was found most suitable for detecting their 
corresponding antibodies in the solutions. 

1 . In indirect ELISA, if solutions contain antibodies to the antigenic epitopes, 
those antibodies bind to the corresponding Secretory protein antigens on the 
plate. Unbound antibodies are washed out and followed by reaction with anti- 
human immunoglobulin coupled to an enzyme (e. g. Horse, radish 
Peroxidase). This is the second antibody that binds to human antibodies 
captured on the plate. Unbound enzyme coupled immunoglobulins are 
washed out and are followed by reaction which further changes the color of 
chromogen. The enzymatic reaction is quenched after an optimum time period 
by denaturing the enzyme. The color of final product is measured 
calorimetrically and interpreted. 

When considering the binding capacity of adsorbent plastic surfaces for 
biomacro-molecules, it is essential to distinguish between the total amount of 
molecules that can be bound to the surfaces and the amount that can be 
bound and still remain biologically active. Both quantities are very much 
dependent on the nature of the molecules and the character of the surface. 
The adsorption of molecules to a pol^tyrene surface is due to inter-molecular 
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attraction forces (van der Waals forces), to be distinguished from true 
chemical bonds, i, e, covalent bonds (through electron share) and ionic bonds 
(through stoichiometric charges of opposite signs). There are four main types 
of possible bonds between macromolecules. 

a) True chemical bonds are represented by a covalent disulphide bond . 

b) Ionic bond between a carboxyl ion and an amino ion. 

c) Van der Waals mediated bonds are represented by a hydrogen bond 
between two dipoles and an alternating polarity bond between 
hydrocarbon residues protruding from the macromolecules backbones. 
Where the encircled area indicates a water-deprived zone. 

There are two different types of absorbent polystyrene surfaces that are 
available from Nunc. 

• POLYSORP surface 

• MAXISORP surface 

PolySorp Predominantly presents hydrophobic groups, MaxiSorp has in 
addition many hydrophilic groups, which results in a fine patchwork of 
hydrophobic and hydrophilic binding sites. In this study MaxiSorp surface was 
used for facilitation of the absorption of hydrophilic synthetic epitopes, 
because not only can this surface compete with the water molecules for 
binding the macromolecules by hydrogen bonds, but the molecules can also 
be captured from a much longer distance by the long-range hydrogen bond 
forces for establishment of both hydrogen bonds and eventually hydrophobic 
bonds. However, with MaxiSorp peptide epitopes binding events are more 
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likely to occur, which means that adequate incubation conditions are easier to 
establish. 

As mentioned above, van der Waal mediated bonds are relatively weak, 
therefore, they may be insufficient for stable bonding when they are few in 
number, i.e. when the molecules are small. For binding of small molecules, 
strong chemical bonds are needed. Ionic bonds would not do, because they 
normally dissociate in aqueous solution, leaving covalent bonds as the only 
possibility for direct, stable binding of small molecules e. g. peptides. 
However, this difficulty may be overcome by using small molecules linked to 
(indifferent) carrier macromolecules as supported by this study. 

Antigen coating efficiency is dependent on immobilization pH (Coating buffer), 
ionic strength, immobilization time (incubation period), concentration of 
antigens, and temperature of immobilization. 

Antigens showed maximum absorption on solid phase at pH 7.2 whereas 
cocktail of antigens showed maximum adsorption at pH 9.2.Since there was 
no much difference in the adsorption between pH 9.2 and 7.2. Hence, the 
common pH was selected for the immobilization of cocktail of epitopes. 

All the antigens showed maximum absorption on solid phase between 10 mM 
to 50 mM but reactivity fall down at 100 mM. The saturation of the adsorption 
of all the epitopes on solid phase took place within 18 hours. 


Investigation of immobilization of antigens with the variation in the 
concentration revealed that there is a rise in the concentration of all the 
protein antigens from 2.5 ug/ well to 7.5 ug/ well and then after, there was no 
effect of higher antigen concentration on immobilization as evident by the 
experimental data. 

Work on the immobilization time at 37°C showed that there was rise in the 
adsorption of the antigens on the surface up till 120 minutes followed by 
saturation. Although optimum adsorption took place in 120 minutes, but it was 
advisable to prolong the incubation period for another 120 minutes. 

Blocking agents are essentially to be used in ELISA for blocking possible 
excess solid surface after coating with antigen to avoid unspecific 
immobilization of succeeding reactants. One reason for using a true blocking 
agent would be to substitute detergent for blocking. If detergent is present 
during incubation with secondary reactants, it might in some way interfere with 
the immunologic specificities or cause unspecific immobilization of the 
reactants (Esser, 1990). If detergent is present during wash after secondary 
reactants, possible weak immunologic affinities might be broken by the 
washing activity of the detergent. Another reason for using a blocking agent 
would be to stabilize the immobilized antigens of coated surfaces. Typical 
blocking agents would be an indifferent macromolecule, large enough to 
establish a stable attachment to the surface, yet small enough to find its way 
between antigens. 
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Bovine serum albumin (BSA), of MW 67,000 is commonly used as a blocking 
agent. Also the more heterogeneous casein is often used and may be more 
effective than BSA (Pratt and Roser, 1989; Vogt et ai, 1987). In this study 
Casein digest, hydrolysate was found to be the best blocking agent amongst 
all the three blocking agents studied. Casein digest, hydrolysate was found 
better than BSA (Table-Ill, Figure- 24), which was further found better than 
normal rabbit serum. 

Casein digest, hydrolysate stood to be the best blocking agent amongst all the 
three studies due to its following features: 

1. Due to its heterogeneous nature (different masses of peptides) it blocks 
the inter-epitope space and unimmobilized space on the solid surfaces 
more firmly than BSA and normal rabbit serum. 

2. It also has exerted lesser effect on the stearic hindrance in antigen- 
antibody reaction. 

3. It also has lesser effect on the shielding epitopes. 

In this regards 0.1% of casein digest, hydrolysate, in phosphate buffered, 
1 0OmM, pH 7.2 was found sufficient enough to serve the purpose of blocking. 

Assay employing the cocktail of selected antigen was evaluated using the 
specific antibodies to the antigens to validate the immobilization of particular 
antigens epitope and found that all the epitopes subjected for coating were 
immobilized optically. This assay differentiated the reactive and non-reactive 
samples. 


Amongst all the reagents in ELISA, anti IgG-HRP conjugate, solid phase 
immobilized antigens and the enzyme substrate-chromogen {TMB-H 2 O 2 ) are 
very critical, hence an effort was made to stabilize them. In the conjugate, 
HRP is very prone to peroxidation that was protected by a reducing agent 
(TMB). Protein part of the conjugate was protected from deterioration by 
protein stabilizers (casein digest, hydrolysate), preservatives (thiol containing 
compounds), surfactant (Tween - 20) and antibacterial compounds. 

To determine the antibody response to secretory protein (CFP) antigens in 
tuberculosis patients, (Imaz and Zerbini, 2000). We determined the specific 
response to the 30kDa and 6kDa antigens. A possible explanation for this 
phenomenon may be the intense stimulation of the immune response by 
antigens released by bacteria, and / or by the release of antibodies that were 
previously part of immune complexes. 

The response to the 30 or 6kDa secretory protein antigens was reactive in TB 
patients than in contacts or healthy subjects. The presence of these 
antibodies in tuberculosis patients has been associated with a more favorable 
prognosis or with spontaneously cured tuberculosis. Thus, the presence of 
these antibodies in contacts may suggest a tuberculosis infection that is not 
clinically evident. 

It has been investigated that the antibody response against antigens in the 
6kDa secretory proteins is suitable for diagnostic purposes as well as 
protective efficacy. The antigen possesses various specific T-cell epitopes 
that induce a cellular response and lead to increased interferon gamma 
production in patients with sub clinical or active tuberculosis but not in 
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unexposed healthy individuals (Arend et al, 2001). This cell-mediated 
response has also been associated with increased risk of disease (Doherty et 
al., 2002). A recent study showed that the humoral response to ESAT-6 may 
be associated with inactive tuberculosis but not with active tuberculosis (Silva 
etal., 2003). 

These reactivity profiles showed sensitivity similar to that observed by other 
investigators. However, in the generai population, especially in developing 
countries, with a high prevalence of M. tuberculosis infection, there are a 
percentage of persons who do not present clinicai signs and symptoms of 
tuberculosis and who must be identified and treated. For this purpose, a 
highly specific test is needed in order to detect suspected cases. 

Earlier studies have suggested that the humoral response to M. tuberculosis 
antigens was increased in patients with an inadequate cell-mediated response 
to the same antigens (Bhantnagar et al., 1 977) and in patients that showed a 
strong humoral response after the infection led to the development of active 
tuberculosis (David et al., 1992). This evidence, together with a recent study 
that evaluated the humoral response to recombinant M. tuberculosis antigens, 
30kDa and 6kDa showing association of the latter two antigens with risk 
factors for future active, but not current disease suggest the possibility of 
identifying the subset of persons with latent tuberculosis infection who may be 
at high risk to develop active disease. 

Since significant geographical variation in antibody titer to some antigens 
exists, heterogeneous recognition of antigens by serum antibodies in 
tuberculosis can result from multiple factors (Lyashchenko etal., 1998) 
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The humoral response mainly against antigens of mass 30kDa, 6 kDa and 
cocktail seems to be important for the detection of latent tuberculosis. 

Immunoreactivity of Purified Secretory Proteins 

Total culture filtrate proteins (CFP) when administered as CFP-IFA complexes 
elicited both humoral and cellular immune response (Table- X and Figure-31) 
to all the five purified secretory proteins, CFP elicited significant antibody 
response to all the five antigens throughout the observation period (fourth 
week). The optimal response was obtained at third week (Table-X and Figure- 
31) for 6kDa, 38kDa, 64kDa and CFP secretory proteins. The induction of 
high levels of antibodies to the various secretory proteins of Mycobacteria has 
been reported earlier by few workers in the animal and humans infected with 
M. tuberculosis (Pessolani et at, 1 989; Huygen et at., 1 996; Lanbo et ai, 
2004) and in animals immunized with the culture filtrate proteins of 
Mycobacfer/a (Daugelet ef a/., 1992; Andersen, 1994). 

Besides the humoral response, enhanced sensitization, implying the activation 
of T-lymphocyte by the CFP against all the five antigens was seen by in vitro 
T-lymphocyte proliferation assay (Table-XI and Figure- 32). The proliferation 
activity was observed with all the purified proteins in the lymphocytes obtained 
from immunized animals. However, the maximum activation T-lymphocytes 
was seen with 6kDa secretory antigen throughout the time period with peak 
activity in third week p. im. as compared to the other antigen . This 
obsenration has been in concurrence with the reports of other woriiers that the 
secretory proteins are (Orme and Collins, 1983; Pal and Horwitz, 1992; 


Andersen et al., 1991b; Andersen. 1994) the major targets of T-lymphocytes. 
This also explains the superiority of live BCG vaccine over the killed vaccine 
in evoking the strong immune response and protection (Smith, 1985) possibly 
due to the secretory proteins, which may be largely responsible for its 
protective efficacy. Further, the observation that 30 and 6 kDa secretory 
proteins being the most immunoreactive protein of the five secretory proteins 
is in agreement with the observation that the secretory proteins of immune T- 
lymphocytes (Andersen et al., 1991; Hubbard et al., 1992; Daugelat et al., 
1992; Andersen, 1994). Detailed investigations of immune responses were 
carried out with 6 kDa secretory protein since, it was the most immunoreactive 
and major secretory protein as compared to other purified secretory proteins 
of M. tuberculosis H 37 RV (Table-X, XI and Figure- 31 ,32). 

Immungenicity of 6 kDa Secretory Protein Complexed with IFA 

Different concentrations of 6 kDa antigen (75 ug, 37.5 ug and 1 8.75 ug) when 
administered as 6 kDa IFA complexes in animals elicited cellular and humoral 
responses (Table-XII and Figure- 33). An enhanced antibody level was 
demonstrated in all the groups of mice Immunized with different 
concentrations of 6 kDa antigen throughout the time period attainting its peak 
level in 4 *^ week (Table-XII and Figure- 33). Similarly, there was significant T- 
lymphocyte proliferation in 6 kDa-IFA immunized animals with different 
concentration of antigen. The pronounced T-lymphocyte proliferation activity 
of 6 kDa protein in animals immunized with total culture filtrate might be due to 
the presence of several proteins in culture filtrate which perhaps influence the 
immunoreactivity of 6 kDa secretory protein. Furthermore, the immune 
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responses in present study (cellular and humoral) were found to be dose 
depended demonstration higher activation of immune cells in animals 
immunized with highest concentration of antigen (75pg). Similar observation 
has been reported by Andersen (1994) that the increase in the doses of 
immunogens from 1 0-250 pg was associated with the increase of more than 
lOOug resulted in the shift of immune response from Thi towards Th2 type, 
thus emphasizing that the dose of antigen should be carefully standardized to 
obtain the desired immune response. 

Furthermore, the immune response induced with 75ug concentration of the 
antigen was higher (Table-XIII and Figure- 34) than observed in BCG 
vaccinated mice. Our observations are in agreement with earlier reports that 
the immunization with pure protein or combination of proteins induces better 
immune responses compared to that induced by the whole organism (Pal and 
Horwitz, 1992; Andersen, 1994; Ingrid et a!., 2000; Kanaujia et al., 2004; 
Stefan et al., 2005). 

Protective immunity in tuberculosis and the diseases caused by intracellular 
pathogens are mediated by specifically activated T-lymphocytes (Orme and 
Collins 1983; Blander and Horwitz, 1993). It is believed that the CD4'^ T- 
lymphocytes act as primary effecter cell population which is responsible for 
the Induction of acquired resistance against the disease (Muller et al., 1987; 
Orme, 1988a). The CD4^ T- lymphocytes can be further differentiated into two 
major subsets Thi and Th2 on the basis of cytokine profile secreted by the 
activated CD4* T- lymphocytes (Mossaman et al., 1986; Stefan ef a/., 2005). 
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These findings suggest that 6kDa secretory proteins induce the activation of 
Thi type of T- lymphocytes. 

Therefore, it is concluded that 6-kDa secretory protein of M. tuberculosis 
H37RV complexes with IFA elicited strong cell mediated and humoral immune 
response, which was skewed towards Th1 type of T- lymphocyte activation. 

Protection Conferred by 6 kDa antigen complexed in IFA 

BCG is the most widely used live vaccine in the prophylaxis against 
tuberculosis, the efficacy of which varies between 0-80% (Baily, 1 990; Fine, 
1989). Hence, efforts are being made to identify the immunoprophylactic 
components of Mycobacteria. Amongst the various Mycobacterial 
components, secretory proteins have been proposed to be important antigens 
for the development of subunit vaccine. Mycobacterial secretory proteins 
released by actively growing cells are established that 6 kDa secretory protein 
of M tuberculosis H37RV induced strong humoral and cell mediated immune 
responses when complexed in IFA, the prophylactic significance of this 
protein was explored. In experimental Infections for the evaluation of new 
prophylactic agents, responses are strongly influenced by the choice of 
animals, route of administration of antigen and size of challenge dose (RIbi et 
al., 1965; Newman and Powll, 1995). The choice of mouse as an 
experimental model is justified, as it is cost effective and relatively easy to 
handle. It also has the advantage of well established genetic and 
immunological markers which allow detailed analysis of immune reactions 
during immunization and infection (Harboe ef a/., 1986). Similarly, the 
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immunization route used to deliver the subunit vaccines can dramatically 
influences the type of immune response generated (Fadda et at., 1998). The 
choice of peripheral route for immunization using IFA by us in present study 
appears to be justified as the inoculation of oil treated components leads to 
graulomatous response in animals (Barclay et al., 1967), also the LD 50 of M. 
tuberculosis H37RV was chosen because massive I. v. challenge with virulent 
Mycobacteria leads to a rapid response which masks the protective efficacy of 
vaccine. 

The immunization of animals with different concentrations of 6kDa secretory 
protein complexes in IFA resulted in significantly higher percent survival 
(Table-XIV, XV and Figure-35) against an intravenous challenge with LD50 of 
M. tuberculosis HsrRv as compared to unimmunized animals. Moreover, the 
protection induced was found to be dose depended which was maximum 
(100%) in mice immunized with 75pg concentration of the antigen, again 
emphasizing the effect of dose the immunogens used to mediate desired 
immune response and protection. Since the mechanism of immunoprotection 
has been observed to be T- cell mediated (Orme and Collins, 1983; 
Andersen, 1994; Spencer et al., 2004; Lanbo et al., 2004; Sable ef a/., 2005) 
the dose dependent increase in the protective efficacy is explainable. 

Further, the immunization with 6kDa antigen demonstrated a significant 
percent survival, which was better than that observed in BCG vaccinated mice 
(72.7%) (Table- XV, XVI and Figure -35) and 45% in control groups, 
challenged at the peak of immune response with LDso of M. tuberculosis 
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H 37 RV. Increased survival rates of animals actually reflects the retardation in 
the rate of multiplication of tubercle bacilli (Youmans et al., 1976). Therefore, 
viable counts in the infected organs were enumerated. Immunized mice 
demonstrated a significant decrease in bacterial load thirty days after the 
challenge (Table-VI) in lungs, liver and spleen as compared to controls. This 
further supports the obsen/ed higher percent survival and also satisfies the 
criterion for the observed higher percent of vaccine (s) against tuberculosis 
(Weigeshoua et al., 1970). The decrease in CPU’s recovered from liver and 
lung in 6 kDa immunized was better than that obtained with BCG vaccinated 
mice. The induced protection by 6 kDa antigen was also better than that 
obtained with BCG vaccine by other workers (Orme, 1 988a; Andersen, 1 994; 
Roberts et al., 1995). These findings are further substantiated by the earlier 
reports (Hubbared et al., 1992; Pal and Horwitz, 1992; Andersen, 1994; 
Howitz et al., 1995) where in the protective effect of the secretory proteins has 
been demonstrated to be comparable to BCG vaccine. Interesting, Andersen 
(1994) had shown the maximum immune reactivity in the region of 6 kDa in 
ST-CF immunized and BCG vaccinated mice the major immunoprotective 
antigen of M fubercu/os/s H37RV. 

Since, during the initial stages of immunization with antigen in Incomplete 
Freund’s adjuvant (IFA), the nonspecific inflammatory responses might have 
affected the degree of protection and immune response, the protection 
efficacy was determined after I®' and 4* weeks of immunization to ensure that 
the nonspecific response due to antigen and IFA are diminished. The 6 kDa- 
IFA immunized mice challenged 7 and SO.Days post immunization, 
demonstrated a percent sun/ival and at thirty days post challenge only 30% of 
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the control mice survived the challenge. On the other hand, the mice 
immunized with varying concentration of the antigen demonstrated no 
mortality till two weeks post challenge. However, the onset of mortality 
occurred during third week post challenge with 20 % 30%and 40% mortality in 
animals immunized with 75pg, 37.5pg, 18.75|jg of the antigen respectively 
and 20% mortality was also observed in animals vaccinated with BCG 
vaccine. In the fourth week an increased mortality (50% & 60%) was observed 
in the lower two doses of 6 kDa immunized animals. Mortality was also 
observed in 75pg protein (25%) and BCG vaccinated (30%) animals. 

At the end of 30 days observation, 75% survival was seen in animals 
immunized with 75|ig concentration of 6 kDa protein that was similar to 
survival (70%) afforded by BCG vaccine. 

Thus indicating that protection imparted by 6 kDa secretory antigen is 
mediated by specifically activated T-lymphocytes. The observed decline in 
protective immunity to virulent challenge of M. tuberculosis H 37 RV might be 
due to the protective immunity and heightened state of memory (Sprent, 
1993) however, as the protection afford by 6 kDa-IFA immunization during 3rd 
week remained stable indicates the induction of memory T-lymphocytes, The 
maintenance of stable state of immunity by BCG vaccine throughout the 
observations period could be due to the continuous stimulus provided by the 
secreted proteins released by actively growing cells. Our observations are 
supported by the findings (Pal and Howitz, 1992; Andersen, 1994; Roberts ef 
a/., 1995; Horwitz et ah, 2000) that culture filtrate proteins of Mycobacteria 


m 


confer protective immunity, equivalent to the BCG vaccine. Further, the 
protection imparted by culture filtrate proteins was shown to be long lasting 
and mediated by T- lymphocytes (Andersen et ai, 1 994). 

Thus our results also support the emerging hypothesis that secretory proteins 
are the key immunoprotective molecules capable of generating a strong cell 
mediated immune response leading to an efficient acquired resistance against 
virulent M. tuberculosis H 37 RV and other intracellular pathogens, 

Immunoprotective Activity of 6kDa Secretory Protein Entrapped in 
Liposome 

Previous observation about 6 kDa secretory protein (CFP) of M. tuberculosis 
H37RV complex with FIA could induce both cellular and humoral responses. 
Furthermore, immunization with 6 kDa-FIA was able to confer significant short 
and long-term protection against tuberculosis. Further, studies were carried 
out to evaluate the immnuoprotective behavior of 6 kDa secretory protein 
using liposome as adjutants. 

Although, FIA is the most commonly used adjuvant for experimental studies, it 
is far from idea with respect to human use because of severe side effects 
associated with it (Freund, 1956; Gupta ef a/., 1993). Thus, an adjuvant, 
which does not cause any adverse reaction, Is required for development of 
alternate subunit vaccine. Recently, the use of a large number of adjuvants 
(FIA, RIBI adjuvant, DDA, ISCOMS, Saponins microshperes i. e. PLG and 
Liposomes) have been reported to be potent Inducers of cell mediated 
immunity has emphasized the decisive influence of adjuvant on vaccine 
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efficacy. Among the different adjuvant systems, liposomes have been viewed 
as an alternative to alum based (only adjuvant licensed for human use) 
adjuvant. In earlier studies, the phosphatidylcholine (PC) liposomes have 
been shown to be promising adjuvants for proteins antigens (Lawman et al., 
1981; Pimn and Baldwin, 1984; Pancholi et al., 1989; Chugh and Khuller, 
1993). Further, incorporation of charge in PC liposomes, method of 
preparation and addition of other adjuvants such as Lipid A, muramyl 
dipeptide, alums, has been reported to boost the adjuvanticity of liposomes 
(Fries etai, 1992; Gupta etai, 1993). 

In this study, immunogenic role of 6kDa secretory protein entrapped in 
liposomes has been investigated. Liposomes used in the study were prepared 
by Freeze-thaw method (Mayer et al., 1986) containing phosphatidylglycerol 
(PG), cholesterol (Ch) and adsorbed on to alums. Percent entrapment of 
SkDa secretory antigen in liposomes ranged from 52-54%, which was 
comparable to 45-50% entrapment, observed with protein antigens employing 
the same method of preparation (Meyer ef a/., 1986). 

Immunization with 6kDa antigen encapsulated in liposomes, included 
significant humoral and cell mediated immune responses as determined by 
ELISA and T-lymphocyte proliferation assay. The augmentation of T and B 
lymphocyte mediated immune response is in accordance with earlier reports 
in which liposomes have been used as an adjuvant for Mycobacfena/ antigens 
(Pancholi ef af., 1989, Chugh and Khuller 1993; Andersen, 1994) and 
membrane antigens of Leishmania donovani and Entamoeba histolytica 
(Vinayak ef af., 1987; Russell and Alexander, 1998). It is widely believed that 
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the process of immunological presentation of protein antigens to the immune 
system involves initial processing of the antigen by professional antigen 
presenting cells such as macrophages and dendritic cells (Unaue and 
Cerottini, 1989). The ability of liposomes encapsulated antigens to enhance 
the immune response is due to the natural targeting of liposomes to 
macrophages (Shek and Sabistan, 1982; Van-Rooijen and Ven Nieuwmegen, 
1983a; Beatty et at, 1984). Activated macrophages have been shown to play 
a major role in defense against infectious organism in vivo and in vitro (Kirsh 
and Poste, 1986). 

The immune response (cellular and humoral) elicited by the 6 kDa secretory 
protein entrapped in liposomes were similar (Table-XII, VIII and Figure-36, 37) 
to that elicited by 6 kDa-FIA and BCG vaccine, thus indicating that liposomes 
can be effectively used to generate strong immune response by the entrapped 
antigen. Immunization with 6 kDa secretory protein entrapped in liposomes 
resulted in increased resistance to intravenous challenge with LD 50 of M. 
tuberculosis HstRv 4th weeks post immunization as monitored by survival 
rates and enumeration of viable tubercle bacilli in the infected organs (spleen, 
liver and lung). Immunized animals with 6 kD-Lip and BCG showed 
considerably higher (p<0.001) survival rates (76%), (72%) as a compared to 
control animals (32%) on 30 days post challenge (Table-XIX and Figure - 38), 

There was a generalized drop in the number of bacteria isolated from spleen, 
lungs and liver (Table- XX) as compared to control mice indicated that 
immunization with 6 kDa-Lip ensure better clearance of the microorganism 
from the three organs (liver, lungs and spleen). 
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Our findings that liposomes could be effectively used to elicit the desired 
immune response and confer significant protection in the immunized animals 
are similar to the observation of other workers who have demonstrated 
increased immune response (Vinayak et a/., 1987; Russell and Alexander, 
1998; Pancholi et al., 1989; Chugh and Khuller, 1993) with the liposomal 
encapsulated antigen. The immunogenicity of the liposomal entrapped 
antigen used in the study was comparable to that induced by the incorporation 
of the culture filtrate / extracellular proteins of Mycobacteria in different 
adjuvant system such as Syntax (SAFI), DDA, RIBI adjuvant, and micro 
sphere (PLG) particles (Andersen, 1994; Horwitz et al., 1995; Vordermeier et 
al., 1996). These adjuvants have been reported to augments, potent cell 
meditated immunity with secretion of IFN-y and generation of IgG a 
antibodies. DDA, SAFI and liposomes entrapped antigens have also been 
shown to impart protection against the disease in animal model (Andersen, 
1994; Honwitz et al., 1995). Some recent reports suggest that saponin 
adjuvant (such as ISCOMS) stimulate a mixed response skewed toward a 
Thi response characterized by production of IFN-y and some IL-5 from 
primed T cells. 

Thus, the use of liposomes to deliver the antigen to generate desired cellular 
immune response and impart protection appears to be better, as liposomes 
have the ability to load a large variety of molecules into them regardless of 
their size, solubility and charge characteristics (Gregoriadis, 1990). The 
extensive knowledge of liposomal properties, behavior in vivo, the variety of 
ways of controlling such behavior and their non-toxic nature supports further 
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efforts towards the application of the liposomes as immunological adjuvant 
and vaccine carriers. 

Serodiagnostic potential of cocktail of antigens 

Developed ELISA based serodiagnostic test using a cocktail of all five 
proteins was used to enhance the sensitivity of the assay and attempts were 
also made to check the specificity of the cocktail. 

Out of 148 pulmonary patients, 139 were positive, providing sensitivity of 
94.27%. Similarly, out of 50 extra pulmonary patients, 46 were identified 
positive giving a sensitivity of 92.59%. Sensitivity for meningeal tuberculosis 
was found to be 60. 86% (Table-XXII and Figure- 40). 

The results of our study were also compared with a commercially available 
diagnostic kit containing cytosolic antigen A60 (Table -XXIII and Figure- 41). 
It was observed that both the sensitivity, specificity of our combination of 
antigen and A60 was almost similar. 
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Tuberculosis (TB) an air borne communicable disease and one of the three 
World Health Organization (WHO) priority diseases is caused by transmission 
of aerosolized droplets of M. tuberculosis. It kills about 2 million people 
annually and the epidemic is spreading globally, assuming alarming 
proportion. Around 8 million people become infected with TB every year. 
Diagnosis of tuberculosis is primarily based on X-ray examination and / or 
sometimes on symptoms that are often confusing and misleading. While 
infectious cases are frequently missed, some people are mistakenly 
diagnosed with TB and inappropriately treated. 

Further the prevention of disease presently is made through BCG vaccine 
administered at the time of birth. However this vaccine also has several 
limitations and its efficacy has been reported to vary from 0-80%. Hence a 
new safe and immunogenic vaccine against tuberculosis is highly desirable. In 
past, several attempts have been made to develop killed and live vaccines to 
protect against the disease however, till date there is no alternative to the 
BCG vaccine. 

Hence, there is an urgent need to develop identifying the immunoprotective 
and immunodiagnostic antigens of M. tuberculosis for the development of 
effective vaccine and / or diagnostic tool. 

The present study was designed to isolate and screen low molecular weight 
secretory proteins possessing potentials to activate the cellular immune 
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response and those having ability to induce high titer antibodies for the 
development of prophylactic and diagnostic tool. 

Secretory protein(s) of Mycobacterium are synthesized by the actively growing 
M. tuberculosis cells and induce the significant immune response. These 
proteins have been demonstrated are recognized by T-cells isolated from 
human (Tuberculosis) TB patients as well as mice and cattle experimentally 
infected with tuberculosis. Experimental work in animal models suggests that 
these proteins activate both CD4+ and CD8+ T-cells. 

Our efforts in the present study were intended to focus on secretory protein 
antigen, which can be suitable for developing a reliable diagnostic test for 
tuberculosis and utilization of subunit vaccine. Such antigens, if found, can be 
easily incorporated into Enzyme Linked Immunoassays or all those related 
assays which utilize antibody antigen interactions as a marker of diagnosis, as 
has been utilized by others. The ELISA technique has the advantage of being 
a semi-automated procedure with the capacity to analyze multiple samples 
and the equipment needed is available in many hospitals even in the 
developing countries of the world. As opposed to other infections, the use of 
ELISA in the diagnosis of tuberculosis has never been widely implemented 
due to problems with both sensitivity as well as specificity. For developing 
such assays, it was desirable to identify and purify Secretory protein (CFP) 
antigens, which may specifically diagnose active tuberculosis sufferers. 
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Purification of protein(s) 

1 . The Secretory proteins were isolated from logarithmic phase culture (5 
week old) of Mycobacterium tuberculosis H 37 RV without shaking at 37 °C. 

2 . Protein secretion was monitored through the protein estimation of culture 
medium by at Aaso and the profile of proteins released into the culture 
supernatants of the tubercle bacilli by SDS-PAGE. 

3. The major secretory proteins were purified with reference to the Nagai et 
al (1 991 ) using DEAE sepharose CL- 6 b anion exchange column. 

4. Five proteins (6.0, 26.0, 30.0, 38.0 and 64.0kDa) were obtained in purified 
form by column chromatography and SDS-PAGE. These proteins were 
selected for serology and cellular reactivity. 

Humoral response 

For measuring the humoral response and detection of antigens, indirect 
ELISA was used for this, the conditions for ELISA were optimized. 

All five proteins were assayed by using sera from tuberculosis positive 
patients. These proteins demonstrated presence of antibodies in the serum 
however the quantity of some was lesser compared to the other as observed 
by western blot band intensity. The reactivity profiles showed is similar to that 
observed by several other investigators. 


The humoral response against the five proteins individual and as a cocktail of 
five antigens was studied in sera of mice immunized with total culture filtrate 
proteins. 

Linear increase in the antibody titer was observed up to four weeks of 
immunization. Out of the five antigens two antigens 64 kDa, and 38 kDa 
demonstrated significant higher level of antibodies against them in the sera of 
immunized animals. 

Since low titer antibodies were also seen against other three proteins we 
prepared a cocktail of these five proteins and used them in combination for 
testing the presence of antibodies against them in sera of tuberculosis 
patients. 

The results of serology by ELISA demonstrated that the present cocktail 
effectively detects the antibodies in the patient sample with increased 
sensitivity. 

This combination (cocktail of five proteins) thus can be used to develop 
diagnostic tool for detection of antibodies however, further work is needed to 
establish the sensitivity and specificity of this combination in selectively 
identifying the M. tuberculosis complex in the sample 


Cellular Immune Response 

Cellular immune response against the five proteins in mice was determined by 
immunizing the animals (mice) with total culture filtrate proteins (CFP) 
administered as CFP-IFA complexes. Immune response was determined by 
measuring T-cell proliferation by these antigens. 

Significant T-cell proliferation was observed by all the five antigens however 
maximum response against antigens having molecular weight of 30 and 
6kDa. 

Maximum T-cell activity was observed in the third week post immunization for 
6 and 30kDa secretory proteins. 

Further studies were undertaken to test the immunogenic potential of 6.0 kDa 
secretory protein for this animals were immunized with three different 
concentrations i. e. 75pg, 37.5pg and 1 8.75pg. 

An enhanced T-cell Proliferation was observed in all the groups of mice 
immunized with different concentrations of 6kDa antigen throughout the study 
period attainting its peak level 4* week p. im. 

Furthermore, the immune response in present study was found to be dose 
dependent, demonstrating higher activation of immune cells in animals 
immunized with highest concentration of antigen (75pg). 

Furthermore, the immune response induced with 75pg concentration of the 
antigen was higher than obsen/ed in BCG vaccinated mice. Our observations 
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are in agreement with earlier reports that the immunization with pure protein 
or combination of proteins induces better immune responses compared to that 
induced by the whole organism. 

Protective potential of 6.0kDa protein 

The immunization of animals with different concentrations of 6 kDa secretory 
protein complexes in IFA resulted in significantly higher percent survival 
against an intravenous challenge with LD 50 of M. tuberculosis H 37 RV as 
compared to unimmunized animals. 

At the end of 30 days observation, 75% survivals were animals immunized 
with 75pg concentration of 6 kDa protein that was similar to survival (70%) 
afforded by BCG vaccine. 

Moreover, the protection induced was found to be dose depended which was 
maximum (75%) in mice immunized with 75iig concentration of the antigen, 
again emphasizing the effect of dose the antigens used to mediate desired 
immune response and protection. 

Further, the immunization with 6 kDa antigen demonstrated a significant 
percent survival which was better than that observed in BCG vaccinated mice 
(70%) and 45 % in control groups, challenged at the peak of immune response 
with LDsoOf /W. fubercu/os/s H37RV. 
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These findings are further substantiated by the earlier reports where in the 
protective effect of the secretory proteins has been demonstrated to be 
comparable to BCG vaccine. 

Thus our results also support the emerging hypothesis that secretory proteins 
are the key immnuoprotective molecules capable of generating a strong cell 
mediated immune response leading to an efficient acquired resistance against 
virulent M. tuberculosis H37RV and other intracellular pathogens. 

Further, studies were conducted to evaluate the immnuoprotective behavior of 
6kDa secretory protein using liposome as adjuvant. 

Immunization with 6kDa antigen encapsulated in liposomes, included 
significant humoral and cell mediated immune responses as determined by 
ELISA. The augmentation of T and B lymphocyte mediated immune response 
is in accordance with earlier reports in which liposomes have been used as 
adjuvant for Mycobacfer/a/ antigens 

The immune response (cellular and humoral) elicited by the 6kDa secretory 
protein entrapped in liposomes were similar to that elicited by 6 kDa-FIA and 
BCG vaccine, thus indicating that liposomes can be effectively used to 
generate strong immune response by the entrapped antigen. 

Immunization with 6kDa secretory protein entrapped in liposomes resulted in 
increased resistance to intravenous challenge with LD50 of M. tuberculosis 


H 37 RV as immunized animals showed considerably higher (p< 0 . 001 ) survival 
rates (76%) as a compared to control animals (32%) and BCG vaccinated 
animals (72%) on 30 days post challenge. 

There was a generalized drop in the number of bacteria isolated from spleen, 
lungs and liver as compared to control mice indicated that immunization with 
6 kDa-Lip ensure better clearance of the microorganism from the three organs 
(liver, lungs and spleen). 

Our findings that liposomes could be effectively used to elicit the desired 
immune response and confer significant protection in the immunized animals 
are similar to the observation of other workers who have demonstrated 
increased immune response with the liposomal encapsulated antigen. 

Thus, the results of the present study strongly suggest that the secretory 
proteins of M. tuberculosis are immunogenic and induce strong humoral and 
cellular responses. 

Further, it was also observed that the immune response induced by some of 
these antigens is strongly humoral and that by other antigens are cellular. A 
careful and selective selection of these antigens can by useful in development 
of an effective diagnostic and a prophylactic tool. 


206 






Abou-Zeid, C., Harboe M., Sundsten B., and Cocito C., 1985. Cross-reactivity 
of antigens from the cytoplasm and cell walls of some corynebacteria and 
Mycobacteria. J. Infect. Dis. 151, 170-178. 


Abou-Zeid C., Ratiff TL,Wiker HG, Harboe M, Bennedsen J and Rook GAW 

1988. Characterization of fibronectin -binding antigen released by 
Mycobacteria and Mycobacterium bovis BCG. Infect. Immun., 56:3046-3051. 


Abou-Zeid C, Smith I, Grange J, Ratliff TL, Steele T and Rook GAW .1988.The 
secreted antigens of Mycobacterium tuberculosis and their relationship with 
those recognized by available antibodies. J. Gen. Microbiol., 134:531-538. 


Andersen P., 2002.TB vaccines: progress and problems. Trends Immunol. 22: 
160-168. 


Andersen P., Andersen A. B., Sorensen A. L and Nageli S., 1995, Recall of 
long-lived immunity to Mycobacteria infection in mice. J. Immunol., 154 : 
3359-3372. 


Andersen P. and Heron I., 1993, Specificity of a protective memory immune 
response against Mycobacteria. Infect. Immun., 61 : 844-851. 


Andersen, P., Askgaard D., Ljungqvist L., Bennedsen J., and Heron I., 

1991. Proteins released from Mycobacteria during growth. Infect. Immun. 
59:1905-1910. 


Altamirano M., Kelly M. T., Wong A., Besuilie E. T., Black W. A., Smith J. A., 

1992.Characterization of a DNA probe for detection of Mycobacteria complex 
in clinical samples by polymerase chain reaction. J Clin Microbiol. 30:2173- 
2176. 

Anderson P,, 1 994.Effective vaccination of mice against Mycobacfer/a infection 
with a soluble mixture of secreted Mycobacteriai proteins. Infect. Immun. 62: 
2536-2544. 


Anderson P. , Askgaard D., Ljungqvist L., Benzton M. W. and Heron ,1991b . 
T cell proliferative response to antigens secreted by Mycobacteria. Infect. 
Immune., 59 : 1558-1563. 


Annamma, M., V, V. Radhakrishnan, and S. Sehgal. 1990. Diagnosis of 
tuberculous meningitis by enzyme-linked immunosorbant assays to detect 


207 


Mycobacterial antigen and antibody in cerebrospinal fluid of patients with 
tuberculous meningitis. Med. Microbiol. Immunol. 179:281-288 


Alan H. Ramsey, MPH &TM, Tanya V. Oemig RM, Jeffrey P. Davis, Jeffrey P., 
Massey PH and Thomas J. 2002. An Outbreak of Bronchoscopy-Related 
Mycobacteria Infections Due to Lack of Bronchoscope Leak Testing. 121 ; 
976-981. 


Arikan, S., Tuncer S. , Us D., Unal S., and Ustacelebi S., 1 998.Anti-Kp90 IgA 
antibodies in the diagnosis of active tuberculosis. Chest. 114: 1253-1257. 


Arend SM, Ottenhoff THM, Andersen P & Dissel JTV., 2001. Uncommon 
presentation of tuberculosis: the potential value of a novel diagnostic assay 
based on the Mycobacteria-specltlc antigens ESAT-6 and CPF- 
10. /nfernaf/ona/ Journal of Tuberculosis and Lung Disease, 7: 680-686. 


Armstrong J. A. and Hart P. D., 1975.Phagosome-lysosome interactions in 
cultured macrophages infected with virulent tubercle bacilli. Reversal of the 
usual nonfusion pattern and observations on bacterial survival. J, Exp. Med. 
142: 1-16. 


Aub S. Mustafa, Fatema A. Shaban, Adnan T. Abal, Raja Al-Attiyah, Harold 
G. Wiker, Kant E. A. Lundin, Fredrick O. and Huygen K., 2000, 
Identification and HLA restriction of naturally derived Thi-cell epitopes from 
the secreted Mycobacteria antigen 85 B recognized by antigen-specific 
human CD 4 ‘*^ T-ceil lines. Infect. Immun. 685; 7: 3933-3940. 


Ayman Marei, Amir Ghaemmaghami, Philip Renshaw, Martin Wiselka, 
Michael Barer, Mark Garr and Loems Ziegler-Heitbrock. 2005.Superior T 
cell activation by ESAT-6 as compared with the ESAT-6— CFP-10 complex. J. 
International Immunology 17(11): 1439-1446. 


Azuma I, Thomas DW, Adam A, Ghuysen JM, Bonaly R, Petit JF, Lederer E., 

1970 Jun. Occurrence of N-glycolylmuramic acid in bacterial cell walls. A 
preliminary survey. Biochim Biophys Acta. ; 208(3):444-451 . 


Baily GVJ., 1990.Trial of BCG vaccine in south India for prevention. Ind J. Med. 
r Res., 72(Suppl) :1-74. 


Belisle J. T., Vissa, V. D., Slevert T., Takayama K., Brennan P. J., Besra G. 
S., 1997.Role of the major antigen of Mycobacteria in cell wall biogenesis. 
Sc/ence 276: 1420-1422. 


208 


Bermudez, L. E. and Goodman J., 1996.Mycobacteria invades and replicates 
within type II alveolar cells. Infect. Immun. 64:1400-1406. 


Behar, S. M., Dascher C. C., Grusby M. J., Wang C. R., Brenner M. B., 
1999 .Susceptibility of mice deficient in CD1D or TAPI to infection with 
Mycobacteria. J. Exp. Med. "189: ^973-^980. 


Bisen, P. S., Garg S. K., Tiwari R.P., Tagore P. R., Chandra R., Karnik R., 
Thaker N., Desal N., Ghosh P.K., Fraziano M., and Colizzi V., 2003. 
Analysis of shotgun expression library of M. tuberculosis genome for 
immunodominant polypeptide: Potential use in serodiagnosis. Clin. Diagn. 
Lab. Immunol.6: 1051-1058. 


Bloom B. R. and Murray C. J. L., 1992.Tuberculosis: Commentary on a 
reemergent killer, Science 257:1 055-1064. 


Bodnar, K. A., Serbina, N. V., Flynn, J. L., 2001 .Fate of Mycobacteria within 
murine dendritic cells, infect, immun. 69: 800-809. 


Boom W. H., Chervenak, K. A., Mincek M. A., Ellner J. J., 1992.Role of 
themononuclear phagocyte as an antigen-presenting cell for human gamma 
delta T cells activated by live Mycobacteria. Infect. Immun. 60: 3480-3488. 


Bonato V. L., Lima V. M., Tascon R, E., Lowrie D. B., Silva C. L., 1998. 
Identification and characterization of protective T cells in hsp65 DNA-vaccinated 
and Mycobacteria-mfected mice. Infect. Immun. 66: 169-175. 


Bosio C. M., Gardner D., Elkins K. L., 2000. Infection of B cell-deficient mice 
with CDC 1551, a clinical isolate of Mycobacteria: delay in dissemination and 
development of lung pathology. J, /mmuno/. 164: 641 7-M25. 


Bothamley G. H., Rudd R., Festenstein F., Ivanyi J., 1992.Clinical value of the 
measurement of Mycobacfer/a specific antibody in pulmonary tuberculosis. 
Thorax 47: 270-275. 

Bothamley G., Swansonberk J., Britoon W., Ivanyi J., 1991. Antibodies to 
Mycobacteria spedflc antigen in lepromatous leprosy . Clin Exp Immunol . 
86:426-432. 


209 


Brandt, L, Oettinger T., Holm A., and Andersen P., 1996.Key epitopes on the 
ESAT-6 antigen recognized in mice during the recall of protective immunity to 
Mycobacteria. J. Immunol. 157:3527-3533. 


Brightbill, H. D., Libraty D. H., Krutzik S. R., Yang R. B., Belisle J. T., 
Bleharski J. R., Maitland M., Norgard M. V., Plevy S. E., Smale S. T., 
Brennan P. J., Bloom B. R., Godowski P. J., Modlin R. L., 1999. Host 
defense mechanisms triggered by microbial lipoproteins through toll-like 
receptors. Science 285: 732-736. 


Brodin P,, Rosenkrands I., Andersen P., Cole S. T., Brosch R., 2004.ESAT-6 
proteins: protective antigens and virulence factors? Trends Microbiol. 1 2: 500- 
508. 


Brennan, P. J., and H. Nikaido. 1995. The envelope of Mycobacteria. Annu. 
Rev. Biochem. 64:29-63. 


Brosch R., Gordon S. V., Marmiesse M., Brodin P., Buchrieser C., Eiglmeier 
K., Gamier T., Gutierrez C., Hewinson G., Kremer K., Parsons L. M., Pym 
A. Samper S., van Soolingen D., Cole S. T., 2002.A new evolutionary 
scenario for the Mycobacteria complex. Proc. Natl. Acad. Sci. U. S. A 99: 
3684-3689. 


Bellete B, Cobercle J, Barnes GL, et al. 2002.Evaluation of a whole-blood 
interferon-gamma release assay for the detection of Mycobacteria infection in 
2 study populations. Cli Infect Dis. 34: 1445-1456. 


Binet R., Letoffe S., Ghigo J. M., Delepelaire P., and Wandersman C., 
1997.Protein secretion by Gram-negative bacterial ABC exporters— -A review. 
Gene 192: 7-11. 


Barclay W R, Anacker R, Brehmer W and RibI E., 1967.Effect of oil treated 
Mycobacterial cell walls on the organs of mice. J. Bacteriol., 94: 1736-1745. 


Blander SJ and Horwitz MW., 1993.Major cytoplasmic membrane protein of 
Legionella pneumophilia a genus common antigen and member of the hsp 60 
family of heat shock proteins, induces protective immunity in guinea pig model 
of Legionnaire’s disease . J. Clin. Invest., 91:721-723. 


Bennedsen J, Ostergaard Thomsen V, P^er GE, etal. 1996.Utility of PCR in 
diagnosing pulmonary tuberculosis. J Clin Microbiol; 34:1407-1 1 . 


210 


Beatty JD, Beatty BG, Paraskevas F and Froese E., 1 984. Liposomes as 
immune adjuant. T cell dependence.Surgery, 96 :345-351 .. 


Bouquet E and Negre L., 1923.Surles properties biologiques der lipoids du 
bacilli tuberculeux, Ann . Inst. Pasteur., 37:787-791 . 


Boom WH .1996. The role of T-cell subsets in Mycobacteria infection. Infectious 
Agents and Disease, 5;73-81. 


Bradford, M. M., 1976.A rapid and sensitive method for the quantitation of 
microgram quantities of protein utilizing the principle of protein-dye binding. 
Anal. Biochem. 72:248-254. 


Braunstein, M., and Belisle J., 2000.Genetics of protein secretion, p. 203-220. /n 
G. F. Hatfull and J. W. R. Jacobs (ed. ), Molecular genetics of Mycobacteria. 
American Society for Microbioogy, Washington, D. C. 


Calmette A., 1927.La vaccination preventive control tuberculosis. 250 p. Masson 
et. Cie. Paris. 


Campos-Neto A, Rodrigues, J. V, Pedral- Sampaio DB,Netto EM,Ovendaie 
PJ,Coler RN,Skeiky YA,Badaro R,Reed S. G., 2001 .Evaluation of DPPD, a 
single recombinant Mycobacteria protein as an alternative antigen for the 
Mantoux tests. Tuberculosis (EdinbI); 81 ; 353-358. 


Castigtioni A., 1933.History of tuberculosis. Med. Life 40:1-46. 


Chan J., Xing Y., Magiiozzo R. S., Bloom B. R., 1992.Killing of virulent 
Mycobacteria by reactive nitrogen intermediates produced by 
activated murine macrophages. J. Exp. Med. 175: 1111-1122. 


Chan, J., Tanaka K., Carroll D., Flynn J. and J. Bloom J., 1995.Effects of nitric 
oxide synthase inhibitors on murine Infection with Mycobacteria. Infect. 
Immun. 63:736-740. 


Caruso A. M., Serbina N., Klein E., Triebold K., Bloom B. R., Flynn J. L., 

1999.Mice deficient in CD4 T cells have only transiently diminished levels of 
IFN-gamma, yet succumb to tuberculosis. J. Immunol. ^ 62: 5407-5416. 


211 


Canetti G., 1965. Am. Aev. Respir. Dis. 92:687. 


Cho S., Mehra V., Thoma-Uszynski S., Stenger S., Serbina N., Mazzaccaro R. 
J., Flynn J. L, Barnes P. F., Southwood S., Cells E., Bloom B. R., Modlin 
R. L, Sette A., 2000.Antimicrobial activity of MHC class l-restricted CD8+ T 
cells in human tuberculosis. Proc. Natl. Acad. Sci. U. S. A 97: 12210-12215. 


Chugh IB and Khuller GK 1993.lmmunoprotective behaviour of liposome 
entrapped ceil wall subunit of Mycobacteria against experimental tuberculosis 
infection in mice. Eur. Respir. J., 6: 811-815. 


Clarridge J, Shawar R, Shinnick T, Plikaytis B., 1993.Large-scale use of 
polymerase chain reaction for detection of Mycobacteria in a routine 
mycobacteriology laboratory. J Clin Microbiol 31: 2049-2056. 


Collins D. M., 1999.Molecular epidemiology: Mycobacterium bovis. In 
Mycobacteria Molecular Biology and Virulence ed. Rutledge, C. and Dale, J. 
pp. 123-135.Boston, MA: Blackwell Science. 


Cole S. T., Brosch R., Parkhill J., Gamier T., Churcher C., Harris D., Gordon 
S. V., Eiglmeler K. et al., 1998. Deciphering the biology of Mycobacterium 
tuberculosis from the complete genome sequence. Nature 393, 537-544. 


Coler R. N., Campos-Neto, A., Ovendale P., Day F. H., Fling S. P., Zhu L, 
Serbina N., Flynn J. L, Reed S. G., Alderson M. R., 2001 .Vaccination with 
the T cell antigen Mtb 8.4 protects against challenge with Mycobacteria. J. 
Immunol. 1 66: 6227-6235. 


Cooper A. M., Dalton D. K., Stewart T. A., Griffin J. P., Russell D. G., Orme I. 

M., 1993.Disseminated tuberculosis in interferon gamma gene-disrupted 
mice. J. Exp. Med. 178: 2243-2247. 


Cooper A. M., Magram J., Ferrante J., Orme I. M., 1997. Interleukin 12 (IL-12) is 
crucial to the development of protective immunity in mice intravenously 
infected with Mycobacteria. J. Exp. Med. 186: 39-45. 


i Daffe, M., and P. Draper. 1998. The envelope layers of mycobacteria with 

reference to their pathogenicity. Adv. Microb. Physiol. 39:131— 203. 


212 


Dean C. Crick, Sebabrata Mahapatra and Patrick J. Brennan. 

2001 .Biosynthesis of the arabinogalactan-peptidoglycan complex of 
Mycobacteria. Glycobiology, Vol. 1 1 , No. 9 1 07R-1 1 8R. 


Dubos R., and Dubos J., 1952.The white plague. Little, Brown and Co, Boston, 
Mass. 


Dussurget, O., G. Stewart, 0. Neyroiles, P. Pescher, D. Young, and G. 
Marchal. 2001. Role of Mycobacteria copper-zinc superoxide dismutase. 
Infect. Immun. 69:529-^33. 


Daugelat S,Gulle H, Schoel B and Kaufmann SHE., 1 992.Secreted antigens of 
Mycobacteria: charecterization with T-lymphocytes from proteins and contacts 
after two dimensional separation. J. Infect. Dis. 1 66: 1 86-1 90. 


Dye C, Scheele S, Dolin P, Pathania V & Raviglione MC., 1999.Global burden 
of tuberculosis: estimated incidence, prevalence, and mortality by country. 
Journal of the American Medical Association, 282: 677-686. 


Daleine G., 1995,Preliminary evaluation of a Mycobacteria lipooligosaccharide 
(LOS) antigen in the serogical diagnosis of tuberculosis in HIV seropositive 
and seronegative patients. Tubercle Lung Dis. 76:234-239. 


Dingley, H.B. 1979. Relationship between the bacteriological and biochemical 
results in tuberculous meningitis. Bull Int. Union Tuberc. 54: 160-162. 


De Wet JR, Wood KV, DeLuka M, Helinski DR, Subramani S., ig87.Firefly 
luciferase gene:structure and expression in mammalian cells. Mol Cell Biol 
7:725-737. 


De Libero G., Casorati G., Giachino C., Carbonara C., Migone N., Matzinger 
P., Lanzavecchia A., 1991 .Selection by two powerful antigens may account 
for the presence of the major population of human peripheral gamma/delta T 
cells. J. Brp. Med 173: 1311-1322. 


Denis M., 1991. Interferon-gamma-treated murine macrophages inhibit growth of 
tubercle bacilli via the generation of reactive nitrogen intermediates. Cell 
/mmuno/. 132: 150-157. 


213 


Dieli F., Ivanyi J., Marsh P., WHIIams A., Naylor I., Sired G., Caccamo N., Dl 
Sano C., Salerno A., 2003.Characterization of lung gamma delta T cells 
following intranasal infection with Mycobacterium bovis bacillus Calmette- 
Guerin. J. Immunol. 170: 463-469. 


Doetsch R. N., 1978.Benjamin Marten and his “new theory of consumption". 
Microbiol. Rev. 42:521-528. 


Davis M. M. and Bjorkman P. J., 1988.T-cell antigen receptor genes and T-ceil 
recognition. A/afure 334: 395-402. 


Doherty TM, Demissie A, Oiobo J, Wolday D, Britton S, Eguaie T, Ravn P & 
Andersen P., 2002.lmmune responses to the Mycobacteria-specific antigen 
ESAT-6 signal subclinical infection among contacts of tuberculosis patients. 
Journal of Clinical Microbiology, 40: 704-706. 


Downing J. F., Pasuia R., Wright J. R., Twigg H. L, III Martin W. J., 

1 995.Surfactant protein A promotes attachment of Mycobacteria to alveolar 
macrophages during infection with human immunodeficiency virus. Proc. Natl. 
Acad. Sci. U. S. A 92: 4848-4852. 


Durr P. A., Zheng P. L, Diggie P. J. and Sainsbury R. M., 2004.From points to 
patterns to analyses the spatial segregation of bovine tuberculosis in 
Cornwall, England. In Proceedings of the International Symposium of 
Veterinary Epidemiology and Economics X. ed. Urcelay-Vincent, S. Vina del 
Mar, Chile, 17,21 Nov 2003. 


Draper P., 1982.The anatomy of Mycobacteria. In Ratledge, C., and Stanford, J. 
(eds.). The biology of the Mycobacteria vol. ^.Academic Press, London, pp. 
9-52. 


David HL, Papa F & Cruaud P., 1992. Relationships between titer of antibodies 
immunoreacting against glycolipid antigens from Mycobacterium teprae and 
M. tuberculosis, the Mitsuda and Mantoux reactions, and bacteriologic loads: 
implications in the pathogenesis, epidemiology and serodiagnosis of leprosy 
and tuberculosis. International Journal of Leprosy and Other Mycobacterial 
Diseases, 60: 208-224. 


f 

Eisenach KDA, Cave MD, Bates JH, Crawford JT. 1990.polymerase chain 
reaction amplification of a repetitive DNA sequence specific for Mycobactera 



214 


Esser P., 1990. Detergent in polystyrene ELlSA.Nunc Bulletin No.8, second 
edition 1997,1-5. 


Esther Julia 'n, Lurdes Matas, Jose' Alcaide, and Marina Luquin. 2004. 
Comparison of Antibody Responses to a Potential Combination of Specific 
Glycolipids and Proteins for Test Sensitivity Improvement in Tuberculosis 
Serodiagnosis. Cli. Diag. Labo. Immum., 11.1 .70-76. 


Fine P. E., 1995. Variation in protection by BCG. Implication of and for 
heterologous immunity. Lancet, 346: 1339-1345. 


Frieden T. R., Fujiwara P. I., Washko R. M., and Hamburg M. A., 

1995.Tuberculosis in New York City — ^turning the tide. N. Engl. J. Med. 
333:229-233. 


Fadda G, Maida A, Masia C,Obino G, Romano G and Spano E., 1 987.Efficacy 
of hepatitis B immunization reduced intradermal doses. Eur. J. Epidemiol., 
3:176-189. 


Falero-Diaz G., Challacombe S., Banerjee D., Douce G., Boyd A., Ivanyi J., 

2000. Intranasal vaccination of mice against infection with Mycobacteria. 
Vaccine 18: 3223-3229. 


Fenton M. J. and Vermeulen M. W., 1996.lmmunopathology of tuberculosis: 
roles of macrophages and monocytes. Infect Immun. 64: 683-690. 


Flesch I. E. and Kaufmann S. H., 1988. Attempts to characterize the 
mechanisms involved in Mycobacterial growth inhibition by gamma-interferon- 
activated bone marrow macrophages. Infect Immun. 56: 1464-1469. 


Flesch I. E. and Kaufmann S. H., 1990. Activation of tuberculostatic macrophage 
functions by gamma interferon, interleukin-4, and tumor necrosis factor. Infect 
Immun. 58: 2675-2677. 


Flynn, J. L., Goldstein, M. M., Triebold, K. J., Koller, B., Bloom, B. R., 
1992.Major histocompatibility complex class l-restricted T cells are required 
for resistance to Mycobacteria infection. Proc. Natl. Acad. Sci. U. S. A 89: 
12013-12017. 


215 


*1 


Ferguson J. S., 0. R. Voelker, F. X. McCormack and L. S. Schlesinger, 

1 999.Surfactant protein D binds to Mycobacteria bacilli and 
lipoarabinomannan via carbohydrate-lectin interactions resulting in reduced 
phagocytosis of the bacteria by macrophages. J. Immunol. 163:312-321 . 


Fine P. E. M., 1989.The BCG story: Lessons from the past and implication for the 
future. Rev. Infect. DIs., 1 1 (SuppI 2) : S353-S359. 


Fine P. E. and Rodrigues L. C., 1990.Modem vaccines. Mycobacterial diseases. 

Lancet 335: 1016-1020. 

■ 

■ 

Freund J., 1956.The mode of action of immunological adjuvants. Adv. Tuberc. j 

Res., 1: 130-1487. 


Fries LF, Gordon DM, Richards RL, Egan JE, Hoiiingdale MR, Gross M, 
Silverman C and Alving CR., 1992.Liposomal malaria vaccine in humans: A 
safe and potent adjuvant strategy. Proc. Natl. Acad. Sci. USA, 89:358-362. 


Ferrari G., Langen H. , Naito M., and Pieters J. , 1999.A coat protein on 
phagosomes involved in the intracellular survival of mycobacteria. 
Cell, 97:435-447. 


Frischkorn K., Sander P., Scholz M., Teschner K., Prammananan T., and 
Bottger E. C., 1998. Investigation of Mycobacterial recA function: protein 
introns in the RecA of pathogenic Mycobacteria do not affect competency for 
homologous recombination. Mol. Microbiol. 29:1203-1214. 


Frieden T. R., Sterling T. R., Munsiff S. S., Watt C. J., Dye C., 
2003.Tuberculosis. Lancef 362: 887-899. 


Fratazzi C., Arbeit R. D., CarinI C., Balcewicz-Sablinska M. K., Keane J., 
Kornfeid H., Remold H. G., 1 999.Macrophage apoptosis in Mycobacterial 
infections. J. Leu/foc. S/oA 66: 763-764. 


Fada G. Aedito F, Sanguinettl M et aL, 1998.Evaluation of the Abbott LCx 
Mycobacteria assay in comparison with culture methods in selection Itaian 
patients. New Micorbiol. 21: 97-103. 

Fonseca D. P., Benalssa-Trouw B., van Engelen M., Kraaijeveld G. A., 
Snippe H., VerheuI A. F., 2001 .Induction of cell-mediated immunity against 


216 


Mycobacteria using DNA vaccines encoding cytotoxic and helper T-cell 
epitopes of the 38-kilodalton protein. Infect Immun. 69: 4839-4845. 


Garg S. K., Tiwari R. P. , Tiwari Dileep, Singh R., Malhotra D., Ramnani V. K., 
Prasad G. B. K. S., Chandra R., Fraziano M., Colizzi V. and Bisen P. S., 

2003. Diagnosis of Tuberculosis: Available Technologies, Limitations and 
Possibilities. J. Clin. Lab Anal. 16:1-7. 


Gaudier B. and Gernez-Rieux C., 1962.Etude experimentale de la vitalite du B. 
G. C. au cours de la traversee gastro-intestinale chez des enfants non 
allergiques vaccines par voie digestive. Ann. Inst. Pasteur Lille 13: 77-87. 


Gaynor C. D., McCormack F. X., Voeiker D. R., McGowan S. E., 
Schlesinger L. S., 1995. Pulmonary surfactant protein A mediates enhanced 
phagocytosis of Mycobacteria by a direct interaction with human 
macrophages. J. Immunol. 155: 5343-5351. 


Gennaro M. L. 2000.lmmunologic Diagnosis of Tuberculosis, J. Clin. Infec. Dis. 
30(Suppl 3): S243-6. 


Gebbardt B., Hammarskjdid M. -L., Kadner R., ^996. Mycobacterium. \n\ Volk, 
W. (Ed. ) Essentials of Medical Microbiology. Fifth Edition. Philadelphia: 
Lippincott-Raven Publishers. 429-439. 


Ginsberg AM. 1998., The tuberculosis epidemic. Scientific challenges and 
opportunities. Pubbluc Health Rep. 113:128-136. 


Gladwin MT, Plorde JJ, Martin TR,, 1998.Clinical amplification of the 
Mycobacterium direct test: case report, litreture review, and reposed clinical 
algorithm. Chest 114:317-323. 


Gatfield J., and Pieters J., 2000.Essential role for cholesterol in entry of 
Mycobacfer/a into macrophages. Science 288:1647-1650. 


Glatman-Freedman A. and Casadevati A., 1998.Serum therapy for tuberculosis 
revisited: reappraisal of the role of antibody-mediated immunity against 
Mycobacteria. Clin. Microbiol. Rev. 11: 514-532. 


Glassroch J., Robbins A.G., Snider D. E: Tuberculosis in the 1980s. N Egl J 
Med 980; 302:1441-1450. 


217 


Goodchild A. V., De La Rua Domenech R., Palmer S., Dale J., Gordon S. V, 
Hewinson R. G. and Clifton-Hadley R. S., 20Q3.Association between 
moJecular type and epidemiological features of Mycobacterium bovis in cattle. 
pp. 4459.Warick: Society of Veterinary Epidemiology and Preventative 
Medicine. 


Gorse G. J. and Belshe R. B., 1985. Male genital tuberculosis: a review of the 
literature with instructive case reports. Rev. Infect. Dis. 7: 51 1-524. 


Goren, M.B., and Brennan P.J.,1979, Mycobacterial lipids: chemistry and 
biological activities, In' Tuberculosis'(G.P.Youman ed.), W.B. Saunders, 
Philadelphia, and p. 136. 


Gonzalez-Juarrero M., Turner O. C., Turner J., Marietta P., Brooks J. V., 
Orme I. M., 2001 .Temporal and spatial arrangement of lymphocytes within 
lung granulomas induced by aerosol infection with Mycobacteria. Infect. 
Immun. 69:1722-1728. 


Griffith D, Blevins W, Girard B, Carter R, Kurdowska A. 2004. Single-cycle 
lavage provides estimates of solute concentrations in the epithelial lining fluid 
of specific regions of the lungs. Eur Respir J. 24(suppl 48): 10s. 


Griffin, J. F., S. Nagai, and G. S. Buchan. 1991. Tuberculosis in domesticated 
red deer: comparison of purified protein derivative and the specific protein 
MPB70 for in vitro diagnosis. Res. Vet. Sci. 50:279-285. 


Grange, 1998a: Grange JM The genus Mycobacterium. 9 - 30.ln: Mycobacteria 
and Human D/seasel 988. Edward Arnold Ltd., London. 


Grange, 1998b: Grange JM The species of Mycobacterium. 31 - 48./n: 
Mycobacteria and Human Disease^ 988.Edward Arnold Ltd., London. 


Grange JM, Laszio A., 1990.Serodiagnostlc test for tuberculosis: a need for 
assessment of their operational predictive accuracy and acceptability. WHO 
Bull OMS, 68:571-576. 


Gregoriadis G., 1990. Immunological adjuvants role for liposome. Immunol. 
Today, 11:89-97. 


Gupta RK, Relyveld EH, Lindblad EB, Bizzinl B, Ben-Efraim S, Gupta CK., 

1 993. Adjutants A-balance between toxicity and adjuvanticity. Vaccine, 11:293- 
296. 

Garay S. 1996.Pulmonary tuberculosis, p. 373-412.ln W. N. Rom and S. Garay 
(ed. ), Tuberculosis. Little, Brown and Co., Boston, Mass. 


Garay S. 1996(b). Tuberculosis and the human immunodeficiency virus infection, 
p. 443-465. In W. N. Rom and S. Garay (ed. ), Tuberculosis. Little, Brown and 
Co., Boston, Mass. 


Garg, S. K., M. B. Santucci, S. Fouad, C. Saltini, P. S. Bisen, V. Coiizzi, and 
M. Fraziano, 2004.Tuberculosis therapeutics: Past achivements. Present 
road-blocks and Future perspectives. Lett. Drug Design & Discovery 1 :35-44. 


Harth, G., and M. A. Horwitz. 2003. Inhibition of Mycobacteria glutamine 
synthetase as a novel antibiotic strategy against tuberculosis: demonstration 
of efficacy in vivo. Infect. Immun. 71 :456^64. 


Hance AJ, Levy-Frebauit V, Lecossir D, Rauzier J, Bocart D, GicquI B., 1989. 
detection and identification of Mycobacterea by amplification of Mycobacterial 
DNA. Mol. Microbiol. 3:843-859. 


Havlir D. V. and Barnes P. F., 1999.Tuberculosls in patients with human 
immunodeficiency virus infection. N. Engl. J. Med. 340: 367-373. 


Havlir D. V., Ellner J. J., Chervenak K. A., Boom W. H., 1991 .Selective 
expansion of human gamma delta T cells by monocytes infected with live 
Mycobacteria. J. Clin, invest 87: 729-733. 


Heersma H. F., Kremer K. and van Embden J. D. A., 1 998.Computer analysis 
of IS6110 RFLP patterns of Mycobacterium tuberculosis. Methods Mol Biol 
101,395-422. 


Henderson R. A., Watkins S. C., Flynn J. L., 1997. Activation of human dendritic 
cells following infection with Mycobacteria. J. Immunol. 159: 635-643. 


219 


Hertz C. J., Kiertscher S. M., Godowski P. J., Bouis D. A., Norgard M. V., 
Roth M. D., Modlin R. L, 2001 .Microbial lipopeptides stimuiate dendritic cell 
maturation via Toll-like receptor 2. J. Immunol. 166: 2444-2450. 


Hess J. and Kaufmann S. H., 1 999.Live antigen carriers as tools for improved 
antituberculosis vaccines. FEMS Immunol. Med. Microbiol. 23: 165-173. 


Hirayama, Shin, Shiraishi, Takeshi, Shirakusa, Takayuki, Inuzuka, Koji 
,lwasaki, Akinori ,Kawahara, Katsunobu ,2005. Pulmonary Paragonimiasis: 
Report of Two Cases and a Review of the Japanese Literature. Journal of 
Bronchology. 12(2):116-118. 


Hickman S. P., Chan J., Salgame P., 2002.Mycobacteria induces differential 
cytokine production from dendritic cells and macrophages with divergent 
effects on naive T cell polarization. J. Immunol. 168: 4636-4642. 


Hill A. R., Premkumar S., Brustein S., Vaidya K., Powell S., Li, P. W., Suster 

B., 1991. Disseminated tuberculosis in the acquired immunodeficiency 
syndrome era. Am. Rev. Respir. Dis. 144: 1164-1 1 70. 


Harboe M, Nagai S, Potarroyo ME,Torres ML, Ramirez C and Cruz N., 

1986.Properties of proteins MPB 64,MPB70 and MPB 80 of Mycobacterium 
bovis BCG. Infect. Immun., 52:292-302. 


Horwitz M. A., Harth G., Dillon B. J., Maslesa-Galic S., 2000.Recombinant 
bacillus calmette-guerin (BCG) vaccines expressing the Mycobacteria 30-kDa 
major secretory protein induce greater protective immunity against 
tuberculosis than conventional BCG vaccines in a highly susceptible animal 
model. Proa Natl. Acad. Sci. U. S. A 97: 13853-13858. 


Horwitz MA, Lee BW, Dillon BJ, Harth G., 1995.Protective immunity against 
tuberculosie^ induced by vaccination with major extracellular proteins of 
Mycobacteria. Proc Natl Acad Sci USA. Feb 28; 92(5): 1 530-1 534. 


Hetzel C., Janssen R., Ely S. J., Kristensen N. M., Bunting K., Cooper J. B., 
Lamb J. T. R., Young D. B., Thole J. E. R., 1998.An Epitope Delivery 
System for Use with Recombinant Mycobacteria; Infec. Immun. , 66; 8:3643- 
3648. 

Hopewell, P. C. 1994.0verview of clinical tuberculosis, p. 25-46. In B. R. Bloom 
(ed. ), Tuberculosis: pathogenesis, protection, and control. American Society 
for Microbiology, Washington, D. C. 


220 


Hubbard RD, Flory CM and Coilins., 1992. Immunization of mice with 
Mycobacterial cu/fure filtrate proteins Clin. Exp. Immunol., 87:94-98. 


Huygen, K., Content J., Denis O., Montgomery D. L, Yawman A. M., Deck R. 
R., DeWitt C. M., Orme I. M., Baldwin S., D'Souza C., Drowart A., Lozes 
E., Vandenbussche P., Van Vooren J. P., Liu M. A., Ulmer J. B., 

1996.lmmunogenicity and protective efficacy of a tuberculosis DNA vaccine. 
Nat Med. 2: 893-898. 


Hart PD’A and Sutherland I., 1977.BCG and vole bacillus vaccine in the 
prevention of tuberculosis in adolescence and early adult life. Final report to 
the Medical Research Council. Br Med J., 2: 293-295. 


Iseman M., 1994. Evolution of drug resistant tuberculosis: a tale of two 
species. Proc. Natl. Acad. Sci. USA 91 :2428-2429. 


Imaz M & Zerbini SE, 2000.Antibody response to culture filtrate antigens of 
Mycobacteria during and after treatment of tuberculosis patients. International 
Journal of Tuberculosis and Lung Disease, 4: 562-569. 


Ingrid Olsen, Liv J. Reitan,and Haraid G. Wiker. 2000.Distinct Differences in 
Repertoires of Low-Molecular-Mass Secreted Antigens of Mycobacterium 
avium Complex and Mycobacteria ,J. Clini. Microbiol. 4453-4458, Vol. 38, No. 
12 . 


Izzo A. A. and North R. J., 1992.Evidence for an alpha/beta T cell-independent 
mechanism of resistance to Mycobacteria. Bacillus-Calmette-Guerin causes 
progressive infection in severe combined immunodeficient mice, but not in 
nude mice or in mice depleted of CD4+ and CD8+ T cells. J. Exp. Med. 176: 
581-586. 


Jagirdar J., and Zag Zag D., 1996. Pathology and insights into pathogenesis of 
tuberculosis, p. 467-491. /n W. N. Rom and S. Garay (ed. ), Tuberculosis. 
Little, Brown and Co., Boston, Mass. 


Jacobs WR, Barietta RG, Udani R, et ah, 1993. Rapid assessment of drug 
susceptibilities of Mycobacteria by means of luciferase reporter phages. 
Science. 260:819-822. 


221 


Johnson C, M., Cooper A, M., Frank A. A., Bonorino C. B., Wysoki L. J., 
Orme I. M., 1997. Mycobacteria aerogenic rechallenge infections in B 
celldeficient mice. Tuber. Lung Dis. 78: 257-261 . 


Jones B. E., Young, S. M., Antoniskis D., Davidson P. T., Kramer F,, Barnes 

P. F., 1993. Relationship of the manifestations of tuberculosis to CD4 cell 
counts in patients with human immunodeficiency virus infection. Am. Rev. 
Respir. Dis. 148:1292-1297. 


Jonas V, Alden MJ, Curry Jl. et ah, 1993.Detection and identification of 
Mycobacteria directely from induced sputum specimence using amplification 
of rRNA. J Clin Microbiol. 31:2410- 2416. 


Julian E., L. Matas A. Perez J. Alcaide M. A. Laneelie and M. Luquin., 

2002.Serodiagnosis of Tuberculosis: Comparison of Immunoglobulin A(lgA) 
responses tosulfolipid I with IgG and IgM responses to 2,3- 
Diacyltrehalose,2,3,6- Triacyltrehalose, and Cord Factor antigens. J. Clin. 
Microbiol. 40:3782-3788. 


Jackett PS, Bothamley GH, Batra HV, Mistry A, Young DB & Ivanyl J., 

1988.1mmunodominance and specificity of Mycobacterial antigens and their 
epitopes in serology of tuberculosis. Journal of Clinical Microbiology, 26: 231 3 
2318. 


Kadival GV, Chaparas SD and Hussang D., 1 987.Characterization of serologic 
and cell mediated reactivity of a 38 kDa antigens isolated from Mycobacteria. 
J. immonol., 139:2447-2451. 


Kadiwai GV, Kameswaran M, Doshi R, Todiwala S S, and Samuel AM, 

1994. Detection if antibodies to defined M. tuberculosis antigen(38kDa) in 
cerebrospinal fluid of patients with tuberculous meningitis. Zentbl Bakteriol 
281:95-101. 


Kanaujia G. V., Motzel S., Garcia M. A., Andersen P., and Gennaro M. L., 
2004.Recognition of ESAT-6 Sequences by Antibodies in Sera of Tuberculous 
Nonhuman Primates. Clin Diagn Lab Immunol; 11:1:222-226. 


Kanaujia G. V., Garcia M. A., D. M. Bouley, R. Peters, and M. L. Gennaro, 

2003. Detection of anti-ESAT-6 antibody for diagnosis of tuberculosis in non- 
human primates. Comp. Med. 53:472-476, 


222 


Kamath, A. T., Feng C. G., Macdonald M., Briscoe H., Britton W. J., 

1999. Differential protective efficacy of DNA vaccines expressing secreted 
proteins of Mycobacteria. Infect. Immun. 67: 1 702-1 707. 


Kamerbeek, J., Schouis L., Kolk A. et al., 1 997.Simultaneous detection and 
strain differentiation of Mycobacteria for diagnosis and epidemiology. J Clin 
Microbiol 35:907-91 4. 

Kamholz, S. L. 1996.Pleural tuberculosis, p. 483-491. In W. N. Rom and S. 
Garay (ed.), Tuberculosis. Little, Brown and Co., Boston, Mass. 

Karber G, 1 931 . Beitrag zur kalle ktiven Behand lung Pharmakoiogischer 
Reihenversuche.Arch.Ex.Pothol.Pharmacol., 162:480. 

Kaufmann, S. H. 2003.lmmune response to tuberculosis: experimental animal 
models. Tuberculosis. (Edinb. ) 83: 107-1 11. 

Kaye K., and Frieden T. R., 1996.Tuberculosis control: the relevance of classic 
principles in an era of acquired immunodeficiency syndrome and multidrug 
resistance. Epidemiol. Rev. 18:52-63. 

Kenneth Todar, 2005. University of Wisconsin-Madison, Department of 
Bacteriology. 

Kremer K., van Soolingen D., van Embden J., Hughes S., Inwald J., 
Hewinson G., WdS.Mycobacterium microtr. more widespread than previously 
thought. J. Clin. Microbiol. 36: 2793-2794. 


Krish R and Post G., 1986.. Liposomes targeting to macrophages opportunities 
for treatment of infectious. In: Advances in Experimental Medicine and 
Biology, 202(Actor P.Evangellista A,London,PP. 171-184). 


Kramer FR, Tyagi S, Guerra GE, Lomeli H, Lizardi PLM. Q-beta amplification 
assays. Vaheri A, Tilton RC, Balows A. editors. ,1991 .Rapid method and 
automation in microbiology and Immunology. Berlin: Springer-Verlag. p. 17- 
22 . 


Kochi A., 1994.Tuberculosis: Distribution, risk factors, mortality, Immunobiology; 
191:325-336. 


223 


Karin weldingh, Ida Rosenkrands, Susane Jacobsen, Peter Birk 
Rasmussen, Martin J. Elhay, and Peter Andersen, 1998.Two-Dimensional 
Electrophoresis for Analysis of Mycobacteria Culture Filtrate and Purification 
and Characterization of Six Novel Proteins. J. Infec. and Immun., 66:3492- 
3500. 


Kwasi G. M., Christian V. Forst, K. M. Dobos, John T. B., Jin Chen, Bradbury 
E. M., Andrew R. M. B., and Xian Chen. 2005. Mycobacteria Functional 
Network Analysis by Global Subcellular Protein Profiling, Mol Biol Cell. 16(1): 
396-404. 


Lanbo Shi, Robert North, and Maria Laura Gennaro. 2004.Effect of Growth 
State on Transcription Levels of Genes Encoding Major Secreted Antigens of 
Mycobacteria in the Mouse Lung. Infec. Immun. 72; 4:2420-2424. 


Lawman MJP, Naylor PT, Huang L, Courtney RJ and Rause BT., 1981 .Cell 
mediated immunity to herpes simplex virus: induction of cytotoxic T- 
lymphocyte response by viral antigens in corporated in to liposomes. J. 
Immunol., 126:304-148. 


Laemmmli U.K., 1970. Cleavage of structural protein during the assemble of the 
head of bacteriophage T 4 .Nature,(London) 227:680-985. 


Lefevre P., Braibant M., de Wit L., Kalai M., Roeper, D., Grotzinger J., 
Delville J. P., Peirs P., Ooms J., Huygen K., Content J., 1997.Three 
different putative phosphate transport receptors are encoded by the 
Mycobacteria genome and are present at the surface of Mycobacterium bovis 
BCG. J. eacter/o/. 179: 2900-2906. 


Leander G., Peter S., Sven B., Jurgen H., Volker B., Eddine A. N., Peggy 
Mann, Christian G., Silke B., Smith D., Gregory J. Bancroft, Jean-Marc 
Reyrat,. Sooiingen D. A. V, Barbel R., and H. E. K. Stefan. 2005. Increased 
vaccine efficacy against tuberculosis of recombinant Mycobacterium bovis 
bacille Calmette-Guerin mutants that secrete listeriolysin, J. Clin. Invest. 
115:2472-2479. 


Lees MB and Paxman S., 1972. Modification of Lowry’s procedure for the 
analysis of proteolipid protein.Annl.Biochem.,47:189-192. 


Lien, E., Sellati T. J., Yoshimura A., Flo T. H., Rawadi G., Finberg R. W., 
Carroll J. D., Espevik T., Ingalls R. R, Radolf J. D., Golentick D T., 


224 


1999 .Toll-like receptor 2 functions as a pattern recognition receptor for 
diverse bacterial products. J. e/o/. Cf7em. 274:33419. 


Leventon C, Barnd SS, Champion B, Lucas S, OeSaura B, Nical M, Benerjee 
D and Rook GAW., 1989.T cell mediated protection of mice against virulent 
challenge Mycobacteria. Infect. Immun., 57:390-1998. 


Loudon R. G. and Roberts R. M., 1967.Droplet expulsion from the respiratory 
tract. Am. Rev. Respir. Dis. 95: 435-442. 


Lyashchenko K, Colangeli R, Houde M, Jahdali HA, Menzies D & Gennaro 
ML., 1998. Heterogeneous antibody responses in tuberculosis. Infection and 
Immunity, 66: 3936. 


Lyadova I. V., Vordermeier H. M., Erusianov E. B., Khaidukov S. V., Apt A. 
S., Hewinson R. G., 2001 .Intranasal BCG vaccination protects BALB/c mice 
against virulent Mycobacterium bovis and accelerates production of IFN- 
gamma in their lungs. Clin. Exp. Immunol. 126: 274-279. 


MacMicking, J., R. North, R. LaCourse, J. Mudgett, S. Shah, and C. Nathan. 

1997.ldentification of nitric oxide synthase as a protective locus against 
tuberculosis. Proc. Natl. Acad. Sci. USA 94:5243-5248. 


MacMicking, J. D., C. Nathan, G. Horn, N. Chartrain, D. S. Fietcher, M. 
Trumbauer, K. Stevens, Q. -W. Xie, K. Sokol, N. Hutchinson, H. Chen, 
and J. S. Mudgett. 1995.Altered responses to bacterial infection and 
endotoxic shock in mice lacking inducible nitric oxide synthase. Cell 81:641- 
650. 


Miro AM, E Gibiiara, S Powell and SL Kamhoiz . 1992 . The role of fiberoptic 
bronchoscopy for diagnosis of pulmonary tuberculosis in patients at risk for 
AIDS. ‘Chest, 101 ;121 1-1214, by American College of Chest Physicians. 


Molle V., Palframan W. J., Findlay K. C., Buttner M. J., 2000.WhiD and WhiB, 
homologous proteins required for different stages of sporulatlon in 
Streptomyces coeiicolor A3\2). J. Bacteriol. 182:1286-1295. 

Morris R. S., Pfeiffer D. U., Jackson R., 1994.The epidemiology of 
Mycobacterium bovis \niecX\ons. Vet. Microbiol. 40: ^53"M7. 


225 


Manca C., Lyashchenko K., Colangeli R., and R. Gennaro R. , 1997.MTC28, a 
novel 28-kilodalton proline-rich secreted antigen specific for the Mycobacteria 
complex. Infect. Immun. 65:4951-4957. 


Mossaman T., Cherwinski M, Bond M., Giedlin M., and Coffman R., 1986.Two 
types of murine helper T cell clone according to profiles of lymphokine 
activities and secreted proteins. J. Immunol. 136:2348-2357. 


Mehta, P. K., C. H. King, E. H. White, J. J. Murtagh, Jr., and F. D. Quinn. 

1 996.Comparison of in vitro models for the study of Mycobacteria invasion 
and intracellular replication. Infect. Immun. 64:2673-2679. 

Means T. K., Wang S., Lien E., Yoshimura A., Golenbock D. T., Fenton M. 

J.,1999.Human toll-like receptors mediate cellular activation by Mycobacteria. 
J. Immunol. 1 63: 3920-3927. 


Morris R. S., Pfeiffer D. U. and Jackson R., 1994.The epidemiology of 
Mycobacterium bovis infections. Vet Microbiol 40, 1 53-1 77. 

Mayer DL, Hope MJ and Cullis PR., 1986. Vesicles of variable size produced by 
a rapid extention procedure. Biochim. Biophys. Acta, 858:161-168. 


Mayock Rl, Mac Gregor R., 1976. Diagnosis, prevention and early therapy of 
tuberculosis. Disease A Month May, 22:1-60. 


Mehta PK and Khuller GK., 1988.Protective immunity to experimental 
tuberculosis by mannophsphoinositides of Mycobacteria. Med. Microbiol. 
Immunol., 177:265-284. 


Maiik Z. A., Denning G. M. and Kusner D. J., 2000.lnhlbition of Ca2_signaling 
by Mycobacteria is associated with reduced phagosome-lysosome fusion 
and increased survival within human macrophages. J . Exp. Med. 191:287- 
302. 


Manca C., Lyashchenko K., Wiker H. G., Usai D., Colangeli R. and Gennaro 
M. L., 1997.Molecular cloning, purification, and serological characterization of 
MPT63, a novel antigen secreted by Mycobacteria. Infect. Immun. 65:16-23. 


Muliis KB, Faloona FA., 1987.Specific synthesis of DNA in-vitro via a 
polymerase catalyzed chain reaction. Method Enzymol. 1 55:335-350. 


226 


Mileler N, Hernandez SG, Cleary T., 1994. Evaluation of gene-probe 
amplification Mycobacteria direct test and PGR for direct direction of 
Mycobacteria in clinical specimens. J Clin Microbiol. 32:393-397. 


Miller J. D., Bernstein H. D. and Walter P., 1994.lnteraction of E. co// Ffh/4.5S 
ribonucleoprotein and FtsY mimics that of mammalian signal recognition 
particle and its receptor. Nature 367: 657-659. 


Minnikin DE, Minnikin SM, Parlett JH, 1984.Good fellow M, Magnusson M. 
Mycolic acid patterns of some species of Mycobacterium. Arch Microbiot, 
139:225-231. 


Muller I, Cobbold SP, Waldmann H and Kaufmann SHE., 1 987.lmpaired 
resistance against Mycobacteria infection after selective in vivo depletion of 
L3T4+and Lyt2+ T cells. Infect. Immun., 55:2037-2041 . 


Mustafa A. S., Amoudy H. A., Wiker H. G., Abal A. T., Ravn P., Oftung F., 
Andersen P., 1998.Comparison of antigen-specific T-cell responses of 
tuberculosis patients using complex or single antigens of Mycobacteria. 
Scand. J. immunoi. 48: 535-543. 


Murray P.J.,Aldovini A., Young R.A., 1996. Manipulation and potentiation of 
anWMycobactenal immunity using recombinant bacilli Calmette-Guerin strains 
that secrete cytokines.Proc Natl.Acad Sci.USA,93;2: 934-939. 


Manam S., Ledwith B. J., Barnum A. B., Troilo P. J., Pauley C. J., Harper L. 
B., Griffiths T. G., Niu Z., Denisova L., Follmer T. T., Pacchione S. J., 
Wang Z., Beare C. M., Bagdon W. J., Nichols W. W., 2000.Plasmid DNA 
vaccines: tissue distribution and effects of DNA sequence, adjuvants and 
delivery method on integration into host DNA. Interviroiogy 43: 273-281 . 


Munk M. E., Gatrill A. J., School B., Guile H., Pfeffer K., Wagner H., 
Kaufmann S. H., 1990.1mmunity to Mycobacteria: possible role of alpha/beta 
and gamma/delta T lymphocytes. AP/W/S 98: 669-673. 

Martin T., Parker S. E., Hedstrom R., Le T., Hoffman S. L,, Norman J., Hobart 
P., Lew D., 1999. Plasmid DNA malaria vaccine: the potential for genomic 
integration after intramuscular injection. Hum. Gene Ther. 10: 759-768. 


Newman NK and Powell MF., 1995-Immonulogical and formulation design 
consideration for subunit vaccines. In Vaccine Design: The subunit and 
adjuant approach pp. 1-37 (Newman and Michel J Powell Ed. ). Plenum 
Press, New York. 


227 


Nagai S., Wiker H. G. , Harboe M. and Kinomoto M., 1991. Isolation and partial 
characterization of major protein antigens in the culture fluid of Mycobacteria. 
Infect. Immun. 59:372-382. 


Nathan C. F., and Hibbs J. J. B., 1991. Role of nitric oxide synthesis in 
macrophage antimicrobial activity. Curr. Opin. Immunol. 3:65. 


Nair J., Rouse D.A., and Morris S.L, 1992. Nucleotide sequence analysis and 
serological characterization of Mycobacterial intracellular homologue of the 
M. tuberculosis 19kDa Anigen Molecular Microbiology 6:1431-1439. 


Nair S, Zjow F., Reddy R, Huang L and Rouse BT., 1992. Soluble proteins 
delivered to dendrictic cells via pH sensitive liposomes induce primary 
cytotoxic T-lymphocyte response in vitro.L.Exp.Med., 175:609-612. 


Nau G. J., Richmond J. F., Schiesinger A., Jennings E. G., Lander E. S., 
Young R. A., 2002.Human macrophage activation programs induced by 
bacterial pathogens. Proc. Natl. Acad. Sci. U. S. A 99: 1503-1508. 


Noss E. H., Harding C. V., Boom W. H., 2000. Mycobacteria inhibits MHC class 
II antigen processing in murine bone marrow macrophages. Cell Immunol. 
201:63-74. 


Noss E. H., Pai R. K., Seliati T. J., Radolf J. D. , Beiisle J., Golenbock D. T., 
Boom W. H. and Harding C. V. , 2001 .Toll-like receptor 2-dependent 
inhibition of macrophage class II MHC expression and antigen processing by 
1 9-kDa lipoprotein of Mycobacteria. J. Immunol. 1 67:91 0-91 8. 


Neil S.D., Skuce R.A., Pollock J.M., 2005. Tuberculosis, new light from an old 
window, J. Appl. Microbiol. 98; 6: 1261-1269 


Nicholson, S., M. da G. Bonecini-Aimeida, J. R. Lapa e Silva, C. Nathan, Q. 
W. Xie, R. Mumford, J. R. Weidner, J. Calaycay, J. Geng, N. Boechat, C. 
Linhares, W. Rom, and J. L. Ho. 1996.lnducible nitricoxide synthase in 
pulmonary alveolar macrophages in patients with active pulmonary 
tuberculosis. J. Exp. Med. 183:2293-2302. 


North R. J. and Izzo A. A., 1993.Granuloma formation in severe combined 

immunodeficient (SCID) mice in response to progressive BCG infection. 
Tendency not to form granulomas in the lung is associated with faster 
bacterial growth in this organ Am J. Pafho/, 142: 1959-1966. 


228 


Nor N. M. and Musa M., 2004.Approaches towards the development of a 
vaccine against tuberculosis: recombinant BCG and DNA vaccine. 
Tuberculosis. (Edinb. ) 84: 102-109. 


Neufert, C., Pai, R. K., Noss, E. H., Berger, M., Boom, W. H., Harding, C. V., 

2001 .Mycobacteria 1 9-kDa lipoprotein promotes neutrophil activation. J. 
Immunol. 167: 1542-1549. 


Nunc D. 1 999.Bacterial type 11 protein export and pilus biogenesis: More than just 
homologies? Trends Cell Biol. 9: 402-408. 


Orme IM, Andersen P, Boom WH 1993.T cell response to Mycobacteria. J 
Infect Dis 167: 1481-1497. 


Orme t. M., Andersen P. and Boom W. H., 1992, T-cell response to 
Mycobacteria. J. Infect, Dis., 167 : 1481-1497. 


Orme IM., 1988a. Charecteristics and specificity of acquired immunologic 
memory to Mycobacteria infection. J. Immonol., 140:3589-3593. 


Orme IM and Collins FM., 1983. Protection against Mycobacteria infection by 
adoptive immunotherapy. Requirement of T cell deficient recipients. J. Exp. 
Med., 158:74-83. 


O’Brien R. J., 2001 .Tuberculosis: scientific blueprint for tuberculosis drug 
development. Global Alliance for TB Drug Development, New York, N. Y, 


O'Brien, L, Caramichael J., Lowrie D. B. and Andrew P. W. , 1994.Strains of 
Mycobacteria <i\tfer in susceptibility to reactive nitrogen intermediates in vitro. 
Infect. Immun. 62:5187-5190. 


Okuyama Y., Nakaoka Y., Kimoto K., Ozasa K., 1996.Tuberculous spondylitis 
(Pott's disease) with bilateral pleural effusion. Intern. Med. 35: 883-885. 


Oliver C. T., Roberts A. D., Anthony A. F., Phalen S. W., David M., Murray 
MC, Jean C., Oliver D., D’Souza S., Tanghe A., Huygen K., ORME I. M., 
2000.Lack of Protection in Mice and Necrotizing Bronchointerstitial 
Pneumonia with Bronchiolitis in Guinea Pigs Immunized with Vaccines 
Directed against the hsp60 Molecule of Mycobacteria,! Infec. Immuni, 68; 
6:3674-3679 


O'Reilly L. M. and Daborn C. J., 1995.The epidemiology of Mycobacterium 
bows infections in animals and man: a review. Tuberc Lung Dis 76, 1-46. 


Ohmen J. D., Barnes P. F., Uyemura K., Lu S. Z., Grisso C. L, Modlin R. L., 

1991 .The T cell receptors of human gamma delta T cells reactive to 
Mycobacteria are encoded by specific V genes but diverse V-J junctions. J. 
Immunol. 147: 3353-3359. 


Pais T. F. R., Silva R. A., Smedegaared B., Appelberg R. and Andersen P., 

1998. Analysis of T-cells recruited during delayed type hypersensitivity to 
purified protein derivative (PPD) verses challenge with tuberculosis infection. 
Immunology, 95: 69-75. 


Papa F., Cruaud P. and David H. L., 1 989.Antigenicity and specificity of 
selected glycolipid fractions from Mycobacterium tuberculosis. Res. Microbiol. 
140:569-578. 


Pal PG and Horwitz MA., 1992. Immunization with extracellular proteins of 
Mycobacteria induces cell mediated immune response and substantial 
protective immunity in guinea pig model of pulmonary tuberculosis. Infect. 
Immun., 60: 4784792. 


Pancholi P, VInayak VK and Khuller GK., 1989.lmmunogenicity of ribonucleic 
acid protein fraction of Mycobacteria encapsulated in liposomes. J. Med 
Microbiol., 29:131-138. 


Panchamoorthy G., McLean J., Modlin R. L., Morita C. T., Ishikawa S., 
Brenner M. B., Band H., 1991 .A predominance of the T cell receptor V 
gamma 2N delta 2 subset in human Mycobacteria-responsNe T cells 
suggests germline gene encoded recognition. J. Immunol. 147: 3360-3369. 




Paolo Scarpeiiini, Silvana Tasca, Laura Gaili, Alberto Beretta Adriano 
Lazzarin an Claudio Fortis.2004. Selected poll of peptides from ESAT-6 
amd CFP-10 protein for detection of Mycobacterium tuberculosis infection 
.JCM.42;8:3469-3474. 


Pessolani MCV,Rutnjanek FD, Marques MDM, DeMelo FSF and Sarno EN., 

1989. Serological response of patients with leprosy to a 30 kilodaltan protein 
doublet from early cultures of Mycobacterium bovis BCG.J.CIin.Microblol., 
27:2184-2189. 



230 


^ 

'I 

Pethe K., Alonso S., Biet F., Delogu G., Brennan M. J., Locht C., MenozzI F. 

D., 2001 .The heparin-binding haemagglutinin of M. tuberculosis is required for 
extrapulmonary dissemination. A/afure 41 2: 190-194. 


Peyron, P., C. Bordier, E. N. N'Diaye, and I. Maridonneau-Parini. 

2000.Nonopsonic phagocytosis of Mycobacterium kansasii by human 
neutrophils depends on cholesterol and is mediated by CR3 associated with 
glycosylphosphatidylinositol-anchored proteins. J. Immunol. 165:5186-5191. 


Pratt R.P.and Rosser B., 1989. Comparison of blocking agent for ELISA.Nunc 
Bulletin No. 7, second edition 1997,1-3. 


Porcelli S. A. and Modlin R. L, 1999.The GDI system: antigen-presenting 
molecules for T cell recognition of lipids and glycolipids. Annu. Rev. Immunol. 
17:297-329. 


Pimn M. V. and Baldwin R. W., 1984. Liposomal encapsulation augments 
delayed hypersensitivity reactions to turculin proteins, J. Med. Microbiol., 
18:429-432. 


Pollock J. M. and Andersen P., 1997, Predominant recognition of the ESAT- 6 
protein in the first phase of infection with Mycobacterium bovis in cattle. Infect. 
Immun., 65 : 2587-2592. 


Piddington D. L., Fang F. C., Laessig T., Cooper A. M., Orme I. M., 
Buchmeier N. A., 2001 .Cu, Zn superoxide dismutase of Mycobacteria 
contributes to survival in activated macrophages that are generating an 
oxidative burst. Infect. Immun. 69:4980-4987. 


Pottumarthy S., Wells V. C. and Morris A. J., 2000. A comparison of seven 
tests for serological diagnosis of tubercu losis. Journal of Clinical Microbiology, 
38:2227-2231. 


> 


Pym, A. S., P. Domenech, N. Honore, J. Song, V. Deretic, and S. T. Cole. 
2001. Regulation of catalase-peroxidase (KatG) expression, isoniazid 
sensitivity and virulence by furA of Mycobacteria. Mol. Microbiol. 40:879-889 


Quesniaux V., Fremond C., Jacobs M,, Parida S., NicoHe D., Veremeev V., 
Bihl F., Erard F., Botha T., Drennan M., Soler M. N., Le Bert M., Schnyder 
B., Ryffel B., 2004.Toll-like receptor pathways in the immune responses to 
Mycobacteria. Microbes. Infect. 6: 946-959. 



23 i 


Riley R. L., Mills C. C., Nyka W., Weinstock N., Storey P. B., Sultan L. U., 
Riley M. C., Wells W. F., 1995.Aerial dissemination of pulmonary 
tuberculosis. A two-year study of contagion in a tuberculosis ward. 1959.Am. 
J. Epidemiol. 142: 3-14. 


Riley R. L. and O’Grady F., 1961. Airborne Infection: Transmission and Control. 
The Macmillan Co., New York. 


Ribi E, Larson GL, WIcht W, List R and Good G., 1965.Resistance to 
experimental tuberculosis stimulated by fractions from attenuated tubecle 
bacilli. Proc. Soc. Expt. Biol. Med., 118: 926-933. 


Roberts AD, Sonneberg MG, Ordway DJ, Fumey SK, Brennan PJ, Belise JT 
and Orme IM., 1995.Characteristlcs of protective immunity engendered by 
vaccination of mice with purified culture filtrate protein antigens of 
Mycobacteria. Immunology, 85: 502- 508. 


Rogall, T., Flohr T., and Bottger E.C., 1 990. Differentiation of Mycobacterium 
species by direct sequencing of amplified DNA.J. Cli. Micro. 136:1915-1920. 


Romain F. A., Laquyecle P., Mllltizer P., Pescher P., Chavarot M., 
Lagranderle G., Auregen M., Merchal B. G., 1993, Identification of a 
Mycobacterium bovis BCG. 


Roring S. M., Scott, A. N., Hewinson R. G., Neill S. D., Skuce R. A., 

2004. Evaluation of variable number tandem repeat (VNTR) loci in molecular 
typing of Mycobacterium bovis isolates from Ireland. Vet Microbiol 1 01 : 65-73. 


Rodrigues L. C., Dlwan V. K., Wheeler J. G., 1993. Protective effect of BCG 
against tuberculous meningitis and miliary tuberculosis: a meta-analysis. Int. 
J. Ep/dem/o/. 22: 1 154-1 158. 




Ronyon E.H, Selin M.J., Harris H.W., 1959. Distinguishing Mycobacteria by the 
niacin test; a modified procedure. Am Rev Tuberc.,79;5:663-665. 


Russell GD and Alexender J., 1 998.Effective immunization against cutaneos 
Leishmaniasis with defined membrane antigens reconstituted into liposomes. 
J. Immunol., 140:1274-1279. 



232 


Ryan F., 1992 .The forgotten plague. Little, Brown and Co., Boston, Mass. 


Russel M., 1998.Macromolecular assembly and secretion across the bacterial 
cell envelope: Type II protein secretion systems. J. Mol. Biol. 279: 485-499. 


Rook GAW and Pando RH, 1996.The pathogenesis of tuberculosis. Annual 
Review of Microbiology, 50: 259-284. 


Sable S. B., Kumar Rajnish, Kaira M., Verma Indu, Khuller G. K. , Dobos K., 
Belisle J. T., 2005.Peripheral Blood and Pleural Fluid Mononuclear Cell 
Responses to Low-Molecular-Mass Secretory Polypeptides of Mycobacterium 
tuberculosis in Human Models of Immunity to Tuberculosis, Infect. Immuni. 73; 
6:3547-3558. 


Sakula A., 1983.BCG: who were Calmette and Guerin? Thorax 38: 806-812. 


Saunders B. M. and Cooper A. M., 2000. Restraining Mycobacteria: role of 
granulomas in Mycobacterial infections. Immunoi. Cell Biol. 78: 334-341 . 


Scanga C. A., Mohan V. P., Yu K., Joseph H., Tanaka K., Chan J., Flynn J. L, 

2000. Depletion of CD4 (+) T cells causes reactivation of murine persistent 
tuberculosis despite continued expression of interferon gamma and nitric 
oxide synthase 2. J. Exp, Med 1 92: 347-358. 


Schluger N. W. and Rom W. N., 1998.The host immune response to 
tuberculosis. Am. J. Respir. Crit Care Med. 157: 679-691. 


Schlesinger L. S., 1993.Macrophage phagocytosis of virulent but not attenuated 
strains of Mycobacteria is mediated by mannose receptors in addition to 
complement receptors. J. /mmuno/. 150: 2920-2930. 


Schluger N. W., 2001, Recent advances in our understanding of human host 
responses to tuberculosis, f?esp/r. Res. 2: 157-163. 


Schlesinger L. S., Bellinger-Kawahara C. G., Payne N. R., Horwitz M. A., 
1990. Phagocytosis of Mycobacteria is mediated by human monocyte 
complement receptors and complement component C3. J. Immunoi. 144: 
2771-2780. 


233 


Shafer R. W. and Ediin B. R., 1996.Tuberculosls in patients infected with human 
immunodeficiency virus: perspective on the past decade. Clin. Infect. Dis. 22: 
683-704. 


Serbina N. V. and Flynn J. L, 1999.Early emergence of CD8(+) T cells primed 
for production of type 1 cytokines in the lungs of Mycobacteria-lnfecXed mice. 
Infect Immun. 67: 3980-3988. 



Silva VMC, Kanujia G, Gennaro ML and Menzies D., 2003.Factors associated 
with humoral response to ESAT-6, 38 kDa and 14 kDa in patients with a 
spectrum of tuberculosis. International Journal of Tuberculosis and Lung 
Disease, 7: 478-484. 


Silva C. L., 1999.The potential use of heat-shock proteins to vaccinate against 
Mycobacteria] infections. Microbes. Infect 1 : 429-435. 


Skeiky Y. A., Ovendale P. J., Jen S., Alderson M. R., Dillon D. C., Smith S., 
Wilson C. B., Orme I. M., Reed S. G., Campos-Neto A., 2000.T cell 
expression cloning of a Mycobacteria gene encoding a protective antigen 
associated with the early control of infection. J. Immunol. 165: 7140-7149. 


Skuce R. A. and Neill S. D., 2003. Molecular epidemiology of Mycobacterium 
bovis. In Tuberculosis in Developed and Developing Cultures ed. Madkour, M. 
M. pp. 75-89.Berlin, London: Springer-Verlag Press. 


Skerman, V. D. B., V. Mcgown and P. H. A. Sneath. 1980.Approved lists of 
bacterial names. International journal of Systematic Bacteriology. 30: 225- 
420. 


Sousa A. O., Mazzaccaro R. J., Russell R. G., Lee F. K., Turner O. C., Hong 
S., Van Kaer L., Bloom B. R., 2000.Relative contributions of distinct MHC 
class idependent cell populations in protection to tuberculosis infection in 
mice. Proc. Natl. Acad. Sci. U. S. A 97: 4204-4208. 


#■ 


Stefan H. E. Kaufmann and Andrew J McMichaei. 2005.Annulling a dangerous 
liaison: vaccination strategies against AIDS and tuberculosis, Review, Nature 
medicine, 4; 1 1 : 533-545. 


Shek PN and Sabiston BH., 1982.lmmune response mediated by Liposome- 
associated proteins antigens II. Comparision of the effectiveness of vesicle- 



234 


entrapped and surface associated antigens in immunopotentiotion. 
Immunology, 47:627-631 . 


Smith PG., 1 985.Assessment of efficacy of BCG vaccination against 
tuberculosis, using case control method. Tubercle, 62 :23-35. 


Smith Issar., July, 2003.Mycobacteria Pathogenesis and Molecular 
Determinants of Virulence. Clin Microbiol Rev. ; 16(3): 463-496. 


Smith DA, Parish T, Stoker NG & Bancroft GJ., 2001. Characterization of 
auxotrophic mutants of Mycobacteria and their potential as vaccine 
candidates. Infection and Immunity 69, 1 1 42-1 1 50. 


Smith S. M. and Dockreii H. M., 2000.Role of CDS T cells in Mycobacteria\ 
infections. Immunol. Cell Biol. 78: 325-333. 


Sprent J., 1993.Life spans of naiVe, memory and effector lymphocytes. Curr. 
Opin. Immonol., 5:433-437. 


Spencer J. S., Jin Kim H., Marques A. M., Gonzalez-Juarerro M., Monica C. 
B. S. Lima, Vissa V. D., Truman R. W., Gennaro,Sang-Nae Cho M. L., Cole 
S. T., Brennan Patrick J. . 2004.Comparative Analysis of B- and T-Cell 
Epitopes of Mycobacterium leprae and Mycobacteria Culture Filtrate Protein 
lO.Infec. Immun. 72; 6: 3161-3170. 


Sreevatsan S., Pan X., Stockbauer K. E., Conneii N. D., Kreiswirth B. N., 
Whittam T. S., Musser J. M., 1997. Restricted structural gene polymorphism 
in the Mycobacteria complex indicates evolutionarily recent global 
dissemination. Proc. Natl. Acad. Sci. USA 94:9869-9874. 


Sonnenberg M. G. and Belisie J. T., 1997.Definition of Mycobacteria culture 
filtrate proteins by two-dimensional polyacrylamide gel electrophoresis, N- 
terminal amino acid sequencing, and electrospray mass spectrometry. Infect. 
Immun. 65:4515-4524. 


Sorensen A. L., Nagai S., Houen G., Andersen P., Andersen A. B., 1995. 
Purification and characterization of a low-molecular-mass T-cell antigen 
secreted by Mycobacteria. Infect. Immun, 63:1 71 0-1 71 7. 



235 


Singh AP and Khuller GK., 1 993.Enhancement of immunogenicity of 
immunoprotective glycerophospholipid antigen of Mycobacteria using 
liposomes containing Lipid . J. Lip. Res., 3: 303-31 6. 


Stanford JL., 1991. Improving on BCG. APMIS, 99:103-113. 


Stenger S., Mazzaccaro R. J., Uyemura K., Cho S., Barnes P. F., Rosat J. P., 
Sette A., Brenner M. B., Porcelli S. A., Bloom B. R., Modiin R. L., 

1997. Differential effects of cytolytic T cell subsets on intracellular infection. 
Science 276: 1684-1687. 


Stenger S., Hanson D. A., Teitelbaum R., Dewan P,, Niazi K. R., Froelich C. 
J., Ganz T., Thoma-Uszynski S., Melian A., Bogdan C., Porcelli S. A., 
Bloom B. R., Krensky A. M., Modiin R. L., 1998. An antimicrobial activity of 
cytolytic T cells mediated by granulysin. Science 282: 121-125. 


Sudha Pottumarthy, Virginia C. Wells, and Arthur J. Morris.2000. A 

Comparison of Seven Tests for Serological Diagnosis of Tuberculosis. J. Clin. 
Micro., 2227-2231; 38: 6. 


Thoma-Uszynski S., Stenger S., Takeuchi O., Ochoa M. T., Engele M., 
Sieling P. A., Barnes P. F., Rollinghoff M., Bolcskei P. L., Wagner M., 
Akira S., Norgard M. V., Belisie J. T., Godowski P. J., Bloom B. R., Modiin 

R. L., 2001 .Induction of direct antimicrobial activity through mammalian toll- 
like receptors. Science 291:1544-1547. 


Thoma-Uszynski S., Kiertscher S. M., Ochoa M. T., Bouis D. A., Norgard M. 
V., Miyake K., Godowski P. J., Roth M. D., Modiin R. L., 2000.Activation of 
tolllike receptor 2 on human dendritic cells triggers induction of IL-12, but not 
IL-10.J. /mmu/70/. 165: 3804-3810. 


Talavera W., Miranda R., Lessnau K., Klapholz L., 2001 .Extrapulmonary 
tuberculosis, p. 139-190./n L. N. Friedman (ed.),Tuberculosis; current 
concepts and treatment, 2nd ed. CRC Press,lnc., Boca Raton, Fla. 


Ting L. M., Kim A. C., Cattamanchi A., Ernst J. D., 1999.Mycobacfe//a inhibits 
IFN-gamma transcriptional responses without inhibiting activation of STAT1 J. 
/mmuno/. 163: 3898-3906. 


Tiwari R. P., Tiwari Dileep, Garg S. K., Chandra R., Bisen P. S., 2005. 
Glycolipids of M. tuberculosis strain H37Rv are Potential serological mariners 


236 


for diagnosis of active tuberculosis. J.CIIn. Diagnostic Lab. lmmunology.12 ;3; 
465-473. 


Teitelbaum R., Giatman-Freedman A., Chen B., Robbins J. B., Unanue E., 
Casadevall A., Bloom B. R., 1 998.A mAb recognizing a surface antigen of 
Mycobacteria enhances host survival. Proc. Natl. Acad. Sci. U. S. A 95: 
15688-15693. 


Tan J. S., Canaday D. H., Boom W. H., Baiaji K. N., Schwander S. K., Rich E. 

A., 1997.Human alveolar T lymphocyte responses to Mycobacteria antigens: 
role for CD4+ and CD8+ cytotoxic T cells and relative resistance of alveolar 
macrophages to lysis. J. Immunol. 159: 290-297. 

Textbook of Bacteriology. 2005. 


Thwaites G., Chau T. T., Mai N. T., Drobniewski F., McAdam K., Farrar J., 

2000.Tuberculous meningitis. J. Neurol. Neurosurg. Psychiatry 68\ 289-299. 


Turner, J., E. R. Rhoades, M. Keen, J. T. Belisle, A. A. Frank, and I. M. Orme. 

2000. Effective preexposure tuberculosis vaccines fail to protect when they are 
given in an immunotherapeutic mode. Infect. Immun. 68:1706-1709. 


Tullius, M. V., G. Harth, and M. A. Horwitz. 2001. High extracellular levels of 
Mycobacteria glutamine synthetase and superoxide dismutase in actively 
growing cultures are due to high expression and extracellular stability rather 
than to a protein-specific export mechanism. Infect.lmmun. 69:6348-6363. 


Tuberculosis Research Centre (ICMR), Chennai. 1999.Fifteen year follow up 
of trial of BCG vaccines in south India for tuberculosis prevention. Indian J. 
Med. Res. 110:56-69. 


Unanue ER and Corotbini JC., 1989.Antigen presentation. FASEB J., 3: 2496- 
2502. 


Ulrichs, T., Munk M. E., Moilenkopft H., Behr-Perst S., Colangeii R., Gennaro 
M. L. and Kaufmann S. H., 1998.Differential T cell responses to 
/ Mycobacteria ESAT-6 in tuberculosis patients and healthy donors. Eur J 

Immunol 28, 3949-3958. 


237 


Vareidziz BP., 1994.Drug resistant tuberculosis lab. Issues. Tubercle Lung Des. 
75:1-7. 


Van Soolingen D., 2001. Review: molecular epidemiology of tuberculosis and 
other Mycobacterial infections: main methodologies and achievements. J Int 
iWed249, 126. 


Van Rooijen N and Van Nieuwmegen R., 1983a. Use of liposomes as 
biodegradable and harmless adjuvants. 93: 83-89. 


Van Soolingen D., Hoogenboezem T., de Haas P. E., Hermans P. W., 
Koedam M. A., Teppema K. S., Brennan P. J., Besra G. S., Portaels F., 
Top J., Schouis L. M., van Embden J. D., 1997.A novel pathogenic taxon of 
the Mycobacteria complex, Canetti: characterization of an exceptional isolate 
from Africa. Int. J. Syst Bacterioi. 47: 1236-1245. 


Van Soolingen D., van der 2!anden A. G., de Haas P. E., Noordhoek G. T., 
Kiers A., Foudraine N. A., Portaels F., Kolk A. H., Kremer K., van Embden 

J. D., 1998. Diagnosis of Mycobacterium m/crof/ infections among humans by 
using novel genetic markers. J, Clin. Microbiol. 36: 1840-1845. 


Verbon A, Kuijper S, Jansen HM,Speelman P,Kotk AHJ., 1 990. Antigens 
culture supernatant of Mycobacteria: epitope defined by monoclonal and 
human antibodies. J. Clin. Microbiology. 136:955-964. 


Vinayak VK, Purima and Saxena A., 1987.lmmuno protective behaviour of 
plasma-memrane associated antigens of axenic Entamoeba histolytica. Int. J 
Microbiol., 229-238. 


Vogt R.F. Jr et ai, 1987. Quantitative differences among various proteis as 
bloking agents for ELISA microtiter plate J. Immunol.Methods 101 ,43-50. 


Vordermeier H. M., Venkataprasad N., Harris, D. P., Ivanyi J., 1996.increase 
of tuberculous infection in the organs of B cell-deficient mice. Clin. Exp. 
Immunol. 106:312-316. 


Waaler H. T., 2002.Tuberculosis and poverty. Int. J. Tubercle Lung Dis. 6:745- 
746. 

Wallgren A. 1948.Thetimetable of tuberculosis. Tubercle 29:245-251. 


238 


Wei, X. -Q., Charles I. G., Smith A., Ure J., Feng G. -J., Huang F. -P., Xu D., 
Muller W., Moncada S. and Liew F. Y. 1995.Altered immune responses of 
mice lacking inducible nitric oxide synthase. Nature 375:408-41 1 . 


Walker GT, Fraiser MS, Schram JL, Little MC, Nadeu JD, Malinowski DP., 

1992.Strand displacement amplification - an isothermal inOvitro DNA 
amplification technique. Nucleic Acids Res . 20:1691-1696. 


Wietzerbin J.,Lederer F., Petit JF., 1975. Structural study of the poly-l-Glutamic 
acid of cell wall of Mycobacterium tuberculosis var hominis, strain Brevannes. 
Biochem Biophys Res Commun.20;262:2::246-252. 


Wiegeshaus E.H., McMurray PN, Grover AA,Harding GE and Smith 
DW.,1970. Host parasite relationships in experimental airbom tuberculosislll. 
Relevance of microbial enumeration to acquired resistance in guinea pigs. 
Am.Rev.Reso.Des., 102:422-429. 


World Health Organization, 2004,Monitors the tuberculosis epidemic, 
evaluating surveillance, planning, and financial data in support of national TB 
control programmes. 

World Health Organization. 2002.Global tuberculosis control: surveillance, 
Planning, Finance. WHO/CDS/2002.295.World Health Organization,Geneva, 
Switzerland. 


World Health organization Global Tuberculosis Programme, 1995. 
Tuberculosis and HIV Research: Working towards solution, Geneva; 1-23. 


Wolinsky E. and Schaefer WB., 1973.Proposed scheme ior Mycobacterial 
serotypes by agglutination. Int J Syst Bacteriol. 23:182-183. 


Wright S. D. and Sitverstein S. C., 1983.Receptors for C3b and C3bl promote 
phagocytosis but not the release of toxic oxygen from human phagocytes. J. 
Exp. iWed. 158: 2016-2023. 

Www.nejm.org on March 27, 2006. 

Yates M. D., and Grange J. M., 1993. A bacteriological survey of 
tuberculosis due to the human tubercle bacillus {Mycobacteria) in south-east 
England: 1984-91 .Epidemiol. Infect. 110:609-619. 


239 


Young Y. B., Suk A. K., Ji-Soo K., Hyung-Jin E., Bai G. H., Cho S. N., Yu Sam 

K., 2004.Antigens secreted from Mycobacteria: Identification by proteomics 
approach and test for diagnostic marker. Proteomics; 4; 3299-3307. 


Young, D. B. and Stewart G. R., 2002.Tuberculosis vaccines. Br. Med. Bull. 62: 
73-86. 


Youmans GP., 1979.ln Tuberculosis (Youmans GP Ed. ) WB Saunders Co., 
Philadelphia-London Toranto, pp. 177-284. 


Youmans AS, Youmans GP, Cahall D., 1976.Effect of rifampin on immunity to 
tuberculosis and on delayed hypersensitivity to purified protein derivative. 
Infect Immun. Jan; 13(1): 127-132. 


Youmans AS and Youmans GP., 1966a. Preperation o highly immunogenic 
ribosomal fraction of Mycobacteria by use of sodium dodecyl sulphate., J. 
Bacteriol., 91:2139-2145. 


Zavala D. 1975. Diagnostic fiberoptic bronchoscopy: techniques and results of 
biopsy in 600 patients. Chest; 68:12-9. 





Results of Antibody detection (Cocktail of Secretory Protein ‘Ag’ with 
ELISA) 


Table-I 


Evaluation of Cocktail of ‘Secretory Protein Ag’ with ELISA test- 


S. No. Group 


No. of Serum Cocktail of Secretory Reactivity 


sample 


protein Ag, ELISA 
Test 


94.27 % 


92 . 59 % 




























































Evaluation study: Department of IVIicrobiology& Immunology, Gandhi 
Medical College Bhopal, M.P.India 
Table-II 

Study with TB sera 

Type of infection-Pulmonary tuberculosis 


Code No. 
of 

patients 


Smear 
status at 
the time of 
beginnin 


+ve 


Clinical 

history 


Smear 
status at 
the time of 
samplin 


+ve 



Results 

CSPAg, 

ELISA 

test 

Reactivity 

+ve 

Reactive 

+ve 

Reactive 

+ve 


+ve 

Reactive 

+ve 

Reactive 

+ve 

Reactive 

+ve 

Reactive 



Reactive 


Reactive 



Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Non-reactive 


Reactive 


Restive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Non-reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 








































































































































































































































+ve ! 

AFB +Ve 1 

+ve 1 

+ve 


+ve 

Clinically 

+ve 


Kp-90 


AFB+ve 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Clinically 


Clinically 


AFB 4-ve 


38 


37 


39 


29 


L-25 

W-06 


W-04 


W-05 


Sonia 


-28 


W-01 


W-02 


W-03 


W-08 


M/2/10 


R-1/05 


R-1/06 


R-1/8 


R-1/I2 




X-ray 


X-ray 


X-ray 


X-ray 


X-ray 


X-ray 


X-ray 


Clinically 


Clinically 


Clinically 


Clinically 


AFB +ve 


AFB +ve 


Clinically 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Non-reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Restive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Reactive 




































































































































































































































































86 

;R-1/24 

+ve 

87 

R-1/33 

+ve 

88 

R-l/35 

+ve ! 

89 

R-1/38 

+ve 

90 

R-1/44 

+ve 

91 

R-1/51 

+ve 

92 

R-l/lO 

+ve 

93 


+ve 

94 

R-2/2 

+ve 

95 

R-2/4 

+ve 

96 

R-2/5 

+ve 

97 

R-2/8 

+ve 



2 


R-2/14 




101 

W-2/3 

102 

W-^6 

103 

W-2/7 

104 

W-2/12 

105 

W-2/14 

106 

W-2/18 

107 

W-2/20 

108 

W-2/24 

109 

W-2/27 

no 

W-2/29 

111 

W-2/32 

112 

W-2/38 






Nerendra 


Kala Bai 


Naseen Bai 


Sahida Bai 


Rekha 


Punia 


a 


Dasarath 


Nand 

Kishor 



+ve 

AFB +ve 

+ve 

AFB +ve 

+ve 

AFB +ve 

+ve 

AFB 4-ve 

+ve 


+ve 


+ve 

AFB 4-ve 

+ve 

AFB 4-ve 

+ve 

X-ray 

+ve 

AFB 4-ve 

wsamm 


+ve 

AFB 4-ve 

+ve 

AFB 4-ve 

+ve 

AFB 4-ve 

+ve 

X-ray 

+ve 

AFB 4-ve 

+ve 

AFB 4-ve 

4-ve 

AFB 4-ve 

+ve 

AFB 4-ve 

-fve 

X-ray/AFB 















































































































































































































































































Reactive 


Reactive 


Reactive 


Reactive 


Reactive 


Non-reactive sample:09 

Total Sample tested: 148, (pulmonary tuberculosis) 

Sensitivity: TP/TP+FNX100=148/148+09=148/157X100=94.27 % 


Table-m 

Evaluation study with Extra-pulmonary tuberculosis: Collected from GTB Hospital 
Delhi-7 














































































































W-03 


11 W-08 


Extrapulmonary +ve 


Extrapulmonary +ve 


Reactive 


Reactive 


Reactive 


12 

M/2/10 

Clinically 

Extrapulmonary +ve 

-ve 

Non-reactive 

■ 

R-l/05 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

H 

R-1/05 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

H 

M-l/05 

KP>90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

m 

M-1/29 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

17 

MA/07 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

18 

M-2/04 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

19 

M-2/06 

KP-90/LAM 

Extrapulmonary +ve 

-ve 

Non-reactive 

20 

M-2/07 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

■1 

M-2/012 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

mi 

M-2/22 

KP-90/LAM 

Extrapulmonary +ve 

+ve 

Reactive 

23 

M-2/25 

LAM 

Extrapulmonary -f ve 

+ve 

Reactive 

24 

Phool Bai 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

25 

Ashok 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

26 

Neelam 

LAM 

Extrapulmonaiy +ve 

+ve 

Reactive 


27 

Raju 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

28 

Raghubir Singh 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

29 

Farida 

KP-90 

Extrapulmonary +ve 

+ve 

Reactive 


Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

Hli^ 

Clinically 

Extrapulmonary +ve 

+ve 

Non-reactive 

32 

GM-07 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

33 

GM-08 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

34 

GM-ll 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

35 

GM-20 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive, 










































































































36 


Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

37 

GM-42 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

38 

(jM-45 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

39 

GM-49 

Clinically 

Extrapulmonary 4-ve 

+ve 

Reactive 

40 

GM-52 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

41 

GM-57 

Clinically 

Extrapulmonary +ve 

-ve 

Non-reactive 

42 

GM-61 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

43 

GM-63 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

44 

GM-64 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

45 

GM-86 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

46 

GM-90 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

47 

GM-103 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

48 

GM-108 

LAM 

Extrapulmonary +ve 

+ve 

Reactive 

49 

GM-115 

Clinically 

Extrapulmonary +ve 

+ve 

Reactive 

50 

GM-123 

Clinically 

Extrapulmonary +ve 

•fve 

Reactive 


Non-reactive samples=04 
Total no. of sample tested: - 50, 
Sensitivity: 50/50+4=50/54x100= 92.59 %. 


Table-IV 


Cross reactivity Study of ‘Cocktail of Secretory Protein Ag’ ELISA test with 
Leprosy sera. Sample collected from JALMA Institute of leprosy, Agra. India. 


Sr. 

No. 

Code No. 
of patients 

Clinical history 

Clinical 
investigation as 
per record 

1 

07 

Clinically +ve 

Leprosy +ve 

2 

06 

Clinically +ve 

Leprosy +ve 

3 

92CT 

Clinically +ve 

Leprosy +ve 

4 

22 



5 

34 

Clinically +ve 

Leprosy +ve 

6 

74 

Clinically +ve 


7 

28 

Clinically +ve 

Leprosy +ve 

8 

14 

Clinically -irve 

Leprosy +ve 

9 

44 

Clinically +ve 

Leprosy +ve 


11 

Clinically +ve 

Leprosy +ve 


Results, CSP Ag, 
ELISA test 

Reactivity 

. 

Remark 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-t-ve 

Cross-reactive 

OPD 

-ve 

Non-reactive 

OPD 

-ve 

Non-reactive 

OPD 


VIl 




































































































Non-reactive 


12 

38 

Clinically +ve 

Leprosy +ve 

-ve 

Non-reactive 

OPD 

13 

37 

Clinically +ve 


-ve 

Non-reactive 

OPD 


39 

Clinically +ve 

Leprosy +ve 

-ve 

Non-reactive 

OPD 

15 

29 

Clinically +ve 

Leprosy +ve 

-ve 

Non-reactive 

OPD 

16 

05 

Clinically +ve 

Leprosy +ve 

-ve 

Non-reactive 

OPD 

17 

03 

Clinically +ve 


-ve 

Non-reactive 

OPD 


Clinically +ve 

Leprosy +ve 

-ve 

Clinically +ve 

Leprosy +ve 

-ve 

Clinically -hve 

Leprosy +ve 

+ve 

Clinically +ve 

Leprosy +ve 

-ve 

Clinically +ve 

Leprosy +ve 

-ve 

Clinically +ve 

Leprosy +ve 

-ve 

Clinically +ve 

Leprosy +ve 

-ve 

Clinically -hve 

Leprosy +ve 

-ve 


Non-reactive 


Cross-reactive 


Non-reactive 


Non-reactive 


Non-reactive 


Non-reactive 


Non-reactive 


False positive=02 

Specificity=TN/TN+FP=25/25+2=25/27xl00=92.59% 


Table-V 

Evaluation study with Tubercle Meningitis sera. Collected from S.S. Medical 
College Rewa, M.P., India. 


Type of infection: Meningitis tuberculosis 



Sr. 

No. 

Code no. of 
patients 

Clinical 

confirmation 

Result of CSP 
^Ag’ 

ELISA test 

Reactivity 

1 


Symptoms 

+ve 

Reactive 

2 


Symptoms 

-ve 

Non-reactive 

3 

GM-2/06 

Symptoms 

-fve 

Reactive 

4 


Symptoms 

-ve 

Non-reactive 

5 


Symptoms 

-ve 

Non-reactive 

6 

GM-3/08 

iSESSE&SHHH 

-ve 

Non-reactive 



Reactive 


Non-reactive 


1 — ' 


Symptoms 

•fve 

Non-reactive 

10 

GM-3/22 

Symptoms 

-ve 

Non-reactive 

11 

GM-3/26 

Symptoms 

-ve 

Non-reactive 

12 

GM-2/16 


+ve 

Reactive 

13 

GM-3/27 ^ 

Symptoms 

+ve 

Reactive 


GM-2/03 


Symptoms 


Non-reactive 


Sensitivity=TP/TP+FNX100=14/14+9=14/23X100=60.86% 




















































































































Study with other common infection group. Samples Collected from G.M.C. Bhopal 
M.P. India. 


Table-VI 


Sr. 

No. 


Clinical status Clinically 
of specimen confirmation 


No. of 

sample 

tested 


Results of CSP 
Ag, ELISA test 


+ve 


-ve 


Reactivity 


1 

"2 


Lung cancer 
Malaria 


3 Hepatitis-B/C 

4 Bacterial 
pneumonia 

Pulmonary 
aspergillosis 


Symptoms 
Slide test 
Abbt. 

Gram staining 


Clinical 


32 

Is 

l6 

Is 


15 


01 

00 

W 

00 


31 

Is 

le 

Is 


Cross-reactive 

Non-reactive 

Non-reactive 

Non-reactivity 


01 


5 


14 


Cross-reactive 

























Publications 


• Garg S. K., R. P Tiwari, Dileep Tiwari, R.Singh, D. Malhotra, V. K. Ramnani. G. 
B. K. S. Prasad, R. Chandra, M. Fraziano, V. Colizzi and P. S. Bisen. 
2003.Diagnosis of Tuberculosis: Available Technologies, Limitations and 
Possibilities. J. Clin. Lab Anal. 16:1-7. 

• Tiwari R. P., Dileep Tiwari, S. K. Garg, R. Chandra, P. S. Bisen, 2005. 
Glycolipids of M. tuberculosis strain H37RV are Potential serological markers for 
diagnosis of active tuberculosis. J.CIin. Diagnostic Lab. Immunology. 12; 3: 465- 
473. 

• Tiwari R. P., Dileep Tiwari, S. K. Singh and P. S. Bisen.2006. Development of a 
rapid liposomal agglutination card test for the detection of antigen in patients with 
Meningial, Pulmonary and other Extra-pulmonary tuberculosis. -Communicated. 

• Dileep Tiwari, R.P.Tiwari, Rakesh K. Sinha and P. S. Bisen.2006 
Secretory protein of Mycobacterium tuberculosis as in immune protectant against 
experimental tuberculosis and their role in development of subunit vaccine- 
Communicated. 

• Dileep Tiwari, R.P. Tiwari, and Prakash S. Bisen.2006. Identification of 
extracallular protein of Mycobacterium tuberculosis for immulodiagnosis of active 
tuberculosis -Communicated. 

Abstracts 

• Immunological studies of Secreted Protein (s) antigens from Mycobacterium 
tuberculosis for Diagnostic marker and utility in Vaccine, p. 40. “International 
Conference on Opportunistic Pathogens in AIDS (ICOPA-India, 27-29*’ March 
2006)” held at All India Institute of Medical Sciences, New Delhi. India. 

• Immunological studies of secreted protein (s) antigen from Mycobacterium 
tuberculosis for diagnostic marker, “11"^ Raman Bhai International Conference on 


a 


Proteomics and Genomics (RBICPQ 6-11*'’ January 2005)” held at Zydus 
Research Centre, Ahemdabad. India. 

A Laboratory based method for genomic characterization of Mycobacterium 
avium intracellular complex (MAC) .“International Conference on Chemistry 
Biology Interface (ICCBI 22-26*'’ November 2004)” held at Dr. BR Ambedkar 
Centre for Biomedical Research, University of Delhi, Delhi. India. 

Tuberculosis Therapeutics: Forth coming prospects, “Indian Science Congress 
(03*‘*-05*'’ January 2005)” held at Nirma University, Ahemdabad. India. 



